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REMARKS 

Claims 42-63, 69-74 and 87-92 are pending in this application. By this Amendment, 
claims 42, 52, 58, 60, 62, 69-72 and 90 are amended, and non-elected withdrawn claims 30 
and 75-84 are canceled without prejudice to or disclaimer of the subject matter recited 
therein. Applicant reserves the right to file one or more divisional applications to pursue the 
non-elected subject matter. In addition, a substitute specification is provided making 
revisions that were made in related Application No, 08/376,676. No new matter is added by 
the above amendments. 

The Office Action identified an informality on page 122 of the specification. That 
informality, as well as other informalities, have been corrected in the attached substitute 
specification. 

Claims 42-63, 69-74 and 87-92 stand rejected under 35 U.S.C. §1 12, first paragraph. 
This rejection is respectfiiUy traversed. 

Applicant respectfiiUy submits that the specification, including the original drawings, 
clearly supports the claims of this application. See, for example, the description of Figs. 15C 
and 15D at page 54, line 9 - page 61, line 18. A pattem configured to extend in the X and Y 
directions is shown in Fig, 15C (the linear aspect of the pattem is described at page 56, 
lines 9-12). This portion of the specification clearly describes that light sources are formed at 
each of the four points (Pe, P-q, Px, P(x), which are spaced fi-om the X and Y axes shown in 
Fig. 15D which are orthogonal to each other about central point C. The specification clearly 
describes that the light intensity is increased at those four points. Thus, the claims of this 
application are supported by the original disclosure. Withdrawal of the rejection is requested. 

Claims 42-63, 69-74 and 87-92 stand rejected under 35 U.S.C. § 103(a) over 
JP-A-61-91662 (Horiuchi et al.) in view of U.S. Patent No. 4,947,413 to Jewell et al., and 
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further in view of either U.S. Patent No. 4,871,257 to Suzuki et al. or U.S. Patent 
No, 4,153,336 to Minami et al. These rejections are respectfully traversed. 

The Office Action refers to imaginary lines drawn 22° fi-om the horizontal and vertical 
lines in Horiuchi et al.. Although such lines would be orthogonal to each other, such 
imaginary lines bear no relationship to the lines of the pattern that is formed by the imaging 
system. Horiuchi et al. provides absolutely no disclosure of arranging its aperture stops such 
that the light-passing portions have some relationship to the patterns on the reticle that is 
imaged by the Horiuchi et al. system. Thus, Horiuchi et al. does not disclose or suggest 
providing increased intensity portions at locations relative to particular axes (of the line 
pattern to be exposed or to any other thing). 

While Horiuchi et al. discloses different structures for the aperture stop 9, Horiuchi et 
al. does not disclose that any of those aperture stops are exchangeable with each other. 
Moreover, Horiuchi et al. does not describe the optical system as having a movable optical 
element in addition to an exchangeable optical element. Jewell et al. also does not describe 
its optical elements as being movable, and particularly does not describe any of them being 
movable so as to form increased intensity portions as recited in Applicant's claims. 

Suzuki et al. only discloses an optical device for observing a pattemed article. 
Minami et al. discloses only an optimized spatial filter for defect detection . Neither Suzuki et 
al. nor Minami et al. suggests modifying an exposure apparatus for exposing or forming an 
image on an object. 

Accordingly, Applicant's claimed combinations of features are not disclosed or 
suggested by the applied references. 

Regarding independent claims 42, 47, 90 and 91, the references do not disclose or 
suggest providing a light source having decreased intensity portions at a center thereof and on 
first and second axes defined to intersect with each other at the center and defined along the 
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first and second directions, respectively, by a shaping optical system including at least a 
movable optical element and an exchangeable optical element. 

Regarding claim 52, the references do not disclose or suggest that the strength of 
illumination of the pattern in a first plane of incidence including the first direction and the 
strength of illumination of the pattern in a second plane of incidence including the second 
direction are made lower than that in a third plane of incidence other than the first and second 
planes by a shaping optical system including at least a movable optical element and an 
exchangeable optical element. 

Regarding claim 55, the references do not disclose or suggest that the strength of 
illumination in a predetermined plane of incidence is made greater than that in a first plane of 
incidence including the first direction and that in a second plane of incidence including the 
second direction and intersecting with the first plane of incidence perpendicularly by a shaping 
optical system including at least a movable optical element and an exchangeable optical 
element. 

Regarding claim 58, the references do not disclose or suggest that the illumination of the 
pattem with light along a path in a plane of incidence including the predetermined direction is 
substantially blocked and the pattem is illuminated with light along a pair of paths which are 
symmetrical with each other with respect to the plane of incidence. 

Regarding claim 59, the references do not disclose or suggest that the illumination of the 
pattem with light along a path in a plane of incidence including the predetermined direction is 
substantially blocked and the pattem is illuminated with light along a pair of paths which are 
symmetrical with each other with respect to the plane of incidence. 

Regarding claim 60, the references do not disclose or suggest providing a light intensity 
distribution having decreased intensity portions at a center thereof and on first and second 
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orthogonal axes with respect to which the original is to be placed by a shaping optical system 
including at least a movable optical element and an exchangeable optical element. 

Regarding claim 62, the references do not disclose or suggest that the strength of 
illumination of the pattern in a first plane of incidence including the first axis and the strength of 
illumination of the pattern in a second plane of incidence including the second axis are made 
lower than that in a third plane of incidence other than the first and second planes. 

Regarding claim 69, the references do not disclose or suggest providing a light intensity 
distribution having increased intensity portions relative to a portion including a center and first 
and second orthogonal axes with respect to which the original is to be placed by a shaping 
optical system including at least a movable optical element and an exchangeable optical 
element. 

Regarding claim 70, the references do not disclose or suggest illuminating the pattem 
with light having increased light intensity distribution shaped by a shaping optical system 
including at least a movable optical element and an exchangeable optical element within four 
sections relative to first and second axes, the first and second axes being defined to intersect 
with each other at a center and defined along the first and second directions, respectively. 

Regarding claim 71, the references do not disclose or suggest illuminating the pattem 
with light having increased Ught intensity distribution shaped by a shaping optical system 
including at least a movable optical element and an exchangeable optical element relative to, 
and within areas outside of, a cross-like portion defined to intersect at a center and defined along 
the first and second directions. 

Regarding claim 72, the references do not disclose or suggest providing a light intensity 
distribution having increased light intensity portions relative to a portion corresponding to a path 
in a plane of incidence including the predetermined direction by a shaping optical system 
including at least a movable optical element and an exchangeable optical element. 
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In view of the foregoing. Applicant respectfully submits that this application is in 
condition for allowance. Favorable reconsideration and prompt allowance are earnestly 
solicited. 

Should the Examiner believe that anything further would be desirable in order to place 
this application in even better condition for allowance, the Examiner is invited to contact 
Applicant's undersigned attorney at the telephone number set forth below. 
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Marked-up copy of Original Specification 

Petition for Extension of Time 

Date: November 22, 2006 




Mario A. Costantino 
Registration No. 33,565 
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ROJECTION EXPOSURE METHOD AND APPARATUS WITH LUMINOUS FLUX 

DISTRIBUTION 

[0001 1 This is a Continuation of Application No. 08/423.457 filed April 19, 1995, 

which in turn is a divisional of Application No. 08/376,676, filed January 20, 1995, which is a 
continuation of Application No. 08/122318. filed September 17. 1993 (now abandoned), which 
is a continuation of Application No. 07/79L138. filed November 13, 1991 (now abandoned). In 
addition. Application No. 08/376.676 also is a Continuation-in-Part of Application No. 
08/257,956, filed June 10. 1994 (now U.S. Patent No. 5.638.21 1). which is a continuation of 
A pplication No. 08/101.674. filed August 4. 1993 (now abandoned), which is a continuation of 
A pplication No. 07/847.030 (now abandoned), which is the U.S. National Stage of International 
Application No. PCT/JP9 1/0 1103. filed August 19, 1991. The entire disclosure of the prior 
a pplications is hereby incorporated by reference herein in their entireties. 

BACKGROUND OF THE D^A^ENTI QN 

Field of tho Invon tien 

[0002] The present invention is directed generally to an exposure method and an 
exposure apparatus, and more particularly, to a projection exposure method and a projection 
exposure apparatus which are employed in a lithography process for liquid crystal elements 
and semiconductor memory cells having regular hyperfine pattems. 

Relat e d Baolcground Art | 

[0003] A method of transferring mask pattems on a substrate typically by the 
photolithography method is adopted in manufacturing semiconductor memories and liquid 
crystal elements. In this case, the illumination light such as ultra-violet rays for exposure 
strikes on the substrate having its surface formed with a photosensitive resist layer through a 
mask formed with the mask pattems. The mask pattems are thereby photo-transferred on the 
substrate. 

[0004] The typical hyperfine mask pattems of the semiconductor memory and the 
liquid crystal element can be conceived as regular grating pattems arrayed vertically or 
horizontally at equal spacings. Formed, in other words, in the densest pattern region in this 
type of mask pattems are the grating pattems in which equally-spaced transparent lines and 
opaque lines, formable on the substrate, for attaining the minimum line width are arrayed 
altemately in X and/or Y directions. On the other hand, the pattems having a relatively 
moderate degree of fineness are formed in other regions. In any case, the oblique pattems are 
exceptional. 
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[0005] B e sid e s, oA typical material for the photosensitive resist exhibits a non- 
linear photosensitive property. A chemical variation thereof quickly advances on giving an 
acceptance quantity greater than a certain level. If smaller than this level, however, no 
chemical variation advances. Hence, there exists a backgroimd wherein if a difference in light 
quantity between a light portion and a shade portion is sufficiently secured with respect to a 
mask pattern projected image on the substrate, a desired resist image according to the mask 
pattems can be obtained even when a boundary contrast between the light portion and the 
shade portion is somewhat low. 

[0006] In recent years, a projection exposure apparatus such as a stepper, etc. for 
transferring the mask pattern on the substrate by reductive projection has been often 
employed with a hyperfiner pattern construction of the semiconductor memory and the liquid 
crystal element. Special ultra-violet rays having a shorter wavelength a -and narrower 
wavelength distributing width are employed as illumination light for exposure. The reason 
why the wavelength distribution width is herein narrowed lies in a purpose for eliminating a 
deterioration in quantity of the projected image due to a chromatic aberration of the projection 
optical system of the projection exposure apparatus. The reason why the shorter wavelength is 
selected lies in a purpose for improving the contrast of the projected image. Shortening of the 
wavelength of the illiunination light induces a limit in terms of constraints of lens materials 
and resist materials in addition to the fact that no appropriate light source exists for the much 
hyperfiner mask pattems required, e.g., for the projection exposure of line widths on the 
submicron order. This is the real situation. 

[0007] In the hyperfine mask pattems, a required value of the pattern resolution line 
width is approximate to the wavelength of the illumination light. Hence, it is impossible to 
ignore influences of diffi-acted light generated when the illumination light penetrates the mask 
pattems. It is also difficult to secure a sufficin e t sufficient light-and-shade contrast of the 
mask pattern projected image on the substrate. In particular, the light-and-shade contrast at 
the pattern line edges remarkably declines. 

[0008] More specifically, respective dif&acted light oompononts components, a 0th- 
order diffracted light component, (+) primary diffracted light components and those greater 
than (±) secondary diffracted light components that are generated at respective points on the 
mask pattems due to the illumination light incident on the mask from abov e pass above pass 
through the projection optical system. These light components are converged again at the 
respective points on the substrate conjugate these points, thereby forming the image. 
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However, the (±) primary diffracted light components and those larger than the (±) secondary 
diffracted hght components have a much larger diffraction angle than that of the Oth-order 
diffracted light component with respect to the hyperfiner mask pattems and are therefore 
incident on the substrate at a shallower angle. As a result, a focal depth of the projected image 
outstandingly decreases. This causes such a problem in that a sufficient exposure energy can 
not be supplied only to some portions corresponding to a part of thickness of the resist layer. 

[0009] It is therefore required to selectively use the exposure light source having a 
shorter wavelength or the projection optical system having a larger numerical aperture in 
order to transfer the hyperfiner pattems. As a matter of course, arsfriv ean attempt for 
optimizing both of the wavelength and the numerical aperture can be also considered. 
Proposed in Japanese Patent Publication No. 62-5081 1 was a so-called phase shift reticle in 
which a phase of the transmitted light from a specific portion among the transmissive portions 
of reticle circuit pattems deviates by k from a phase of the transmitted light from other 
transmissive portions. When using this phase shift reticle, the pattems which are hyperfiner 
than in the prior art are transferable. 

[0010] In the conventional exposure apparatus, however, it is presently difficult to 
provide the illumination light source with a shorter wavelength (e.g., 200 nm or under) than 
the present one for the reason that there exists no appropriate optical material usable for the 
transmission optical member. 

[0011] The numerical aperture of the projection optical system is afready 
approximate to the theoretical limit at the present time, and a much larger numerical apertvu-e 
can not be probably expected. 

[0012] Even if the much larger numerical aperture than at present is attainable, a 
focal depth expressed by ± X/INA^ is abruptly reduced with an increase of the numerical 
aperture. There ^ees -becomes conspicuous the problem that the focal depth needed for an 
actual use becomes smaller and smaller. On the other hand, a good number of problems 
inherent in the phase shift reticle, wherein the costs increase with more complicated 
manufacturing steps thereof, and the inspecting and modifying methods are not yet 
established. 

[0013] Disclosed, on the other hand, in U.S. Patent No. 4,947,413 granted to T.E. 
Jewell et al is the projection lithography method by which a high contrast pattern projected 
image is formed with a high resolving power on the substrate by making the Oth-order 
diffracted light component coming from the mask pattems and only one of the (+) and (-) 
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primary diffracted light components possible of interference by utilizing a spatial filter 
processing within the Fourier transform surface in the projection optical system by use of an 
off-axis illumination light source. Based on this method, however, the illumination light 
source has to be off-axis-disposed obliquely to the mask. Besides, the Oth-order diffracted 
light component is merely interfered with only one of the (+) and (-) primary diffracted light 
components. Therefore, the light-and-shade contrast of edges of the pattern image is not yet 
sufficient, the image being obtained by the interference due to unbalance in terms of a light 
quantity difference between the Oth-order diffracted light component and the primary 
diffracted light component. 

SUMMAR Y OF THE INVEOTION 

[0014] It is a primary object of the present invention, which has been devised in the 
light of the foregoing problems, to attain the exposure with a high resolving power and large 
focal depth even when using an ordinary reticle by making the illumination light incident on a 
mask at a predetermined angle inclined to the optical axis of an illumination optical axis or a 
projection optical system, providing a member for making the illumination light incident 
obliquely on the mask in the illimiination optical system and illuminating the mask without 
any loss in light quantity. 

[0015] It is another object of the present invention to provide such an arrangement 
that passage positions of a Oth-order diffracted light component and (+) primary diffracted 
light components within a Foiuier transfer Gurfao etransform plane for mask patterns in the 
projection optical system are set as arbitrary positions synmietric with respect to the optical 
axis of the projection optical system. 

[0016] To accomplish the objects described above, according to one aspect of the 
present invention, there is provided, in the illumination optical system, a luminous flux 
distributing member such as a prism, etc. for distributing the illumination light into at least 
four luminous fluxes penetrating only a predetermined region on the Fourier transform 
surfaoo p lane for the mask patterns. 

[0017] According to another aspect of the present invention, there is provided a 
movable optical member such as a movable mirror or the like in the illumination optical 
system to concentrate the luminous fluxes in predetermined positions on the Fourier 
transform surfaco plane for the mask patterns. The movable optical member is drivable to 
cause at least two beams of illumination light to pass through only the predetermined region 
on the Fourier transform surfac e plane w ith time differences from each other. 



[0018] According to still another aspect of the present invention, there are provided 
the luminous flux distributing member or the movable optical member between an optical 
integrator such as a fly eye lens, etc. and the mask or between the light source and the optical 
integrator. 

[0019] According to a further aspect of the present invention, the optical integrator 
is divided into a plurality of optical integrator groups which are set in discrete positions 
eccentric from the optical axis. At the same time, the illumination light is focused on the 
plurality of optical integrator groups, respectively. 

[0020] According to still a further aspect of the present invention, the luminous flux 
distributing member is movable and exchangeable. The position in which the luminous flux 
passes above the Fourier transform surfac e p lane for the mask patterns is arbitrarily set. 

[0021] According to yet another aspect of the present invention, in a method of 
effecting the exposure while deviating a substrate position in the optical-axis direction of the 
projection optical system from an image forming surface of the mask patterns, the exposure is 
performed by making the illumination light incident on the mask at an inclined angle. 

[0022] In accordance with the present invention, it is possible to actualize a 
projection type exposure apparatus exhibiting a higher resolving power and larger focal depth 
than in the prior art even by employing the ordinary reticle. Further, although the effect of 
improving the resolving power competes with a phase shifter, the conventional photo mask 
can be used as it is. It is also feasible to follow the conventional photo mask inspecting 
technique as it is. Besides, when adopting the phase shifter, the effect of increasing the focal 
depth is obtained, but it is hard to undergo influences of a wavefront aberration due to 
defocus even in the present invention. For this reason, a large focal depth (focal tolerance) is 
obtained. 

[0023] Other objects and advantages of the present invention will become apparent 
during the following discussion taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 is a view schematically illustrating a projection type exposure 
apparatus in a first embodiment of the present invention; 

[0025] Fig. 2 is a view depicting a light transmissive substrate (luminous flux 
distributing member) including pattems of periodic structure in the first embodiment of the 
present invention; 
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[0026] Fig. 3 is a view depicting a spatial filter corresponding to the patterns shown 
in Fig. 2; 

[0027] Figs. 4 and 6 are views each showing a variant form of the periodic 
structural patterns in the first embodiment of the present invention; 

[0028] Fig. 5 is a view illustrating a spatial filter corresponding to the pattems 
shown in Fig. 4; 

[0029] Fig. 7 is a view depicting a spatial filter corresponding to the pattems shown 
in Fig. 6; 

[0030] Figs. 8, 9, 10, 1 1 and 12 are views each showing a variant form of the 
limiinous flux distributing member in the first embodiment; 

[0031] Fig. 13 is a view of a drive unit for the luminous flux distributing member of 

Fig. 12; 

[0032] Fig. 14 is a view schematically showing a light path fi*om the Fourier 
transform surfac e p lane for the reticle to the projection optical system in the projection type 
exposure apparatus according to the first embodiment of the present invention; 

[0033] Figs. 15 A and 15C are plan views showing one example of the reticle 
pattems formed on the mask; 

[0034] Figs. 15B and 15D are views of assistance in explaining the placement of 
respective exit portions (surface illuminant image) on the Fourier transform surface for the 
reticle pattems corresponding to Figs. 15A and 15C, respectively; 

[0035] Fig. 16 is a view schematically illustrating a projection type exposure 
apparatus in a second embodiment of the present invention; 

[0036] Figs. 17 and 18 are views showing a variant form of the movable optical 
member according to the present invention; 

[0037] Figs. 19A and 19B are flowcharts showing an exposure method in the 
second embodiment of the present invention; 

[0038] Fig. 20 is a view schematically illustrating a projection type exposure 
apparatus in a third embodiment of the present invention; 

[0039] Figs. 21, 22, 23, 24 and 25 are views each showing a part of an input optical 

system; 

[0040] Fig. 26 is a view showing an illumination system when incorporating a 
reticle blind into the exposure apparatus of Fig. 20; 



[0041] Fig. 27 is a view depicting a configuration about a wafer stage of the 
projection type exposure apparatus in the third embodiment of the present invention; 

[0042] Figs. 28A and 28B are graphic charts each showing velocity characteristics 
of a Z-stage and abundance probabiUties of the exposure quantity when executing a 
cumulative focal point exposure method by use of the Z-stage of the wafer stage; 

[0043] Fig. 29 is a view schematically illustrating a projection type exposure 
apparatus in a fourth embodiment of the present invention; 

[0044] Figs. 30, 31, 32, 33 and 34 are views showing variant forms of the input 
optical system; 

[0045] Fig. 35 is a plan view taken substantially in the optical-axis direction, 
showing a placement of movable fly eye lens groups and a construction of a movable member 

thereof; 

[0046] Fig. 36 is a view taken substantially in the direction vertical to the optical 
axis, showing the construction of Fig. 35; 

[0047] Fig. 37 is a view schematically illustrating a projection type exposure 
apparatus in a fifth embodiment of the present invention; 

[0048] Fig. 38 is a view depicting a concrete construction of the movable member 
(switching member of this invention) for exchanging four pieces of holding members 
consisting of a plurality of fly eye lens groups; 

[0049] Fig. 39 is a view showing a variant form of the movable member for 
exchanging the plurality of holding member; and 

[0050] Fig. 40 is a view schematically showing a fundamental construction of a 
light path in the first embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0051] Embodiments of the present invention will hereinafter be described in detail 
with reference to the accompanying drawings. Fig. 1 is a block diagram illustrating a whole 
projection type exposure apparatus in accordance with a first embodiment of the present 
invention. A luminous flux LI emitted fi-om an exposure light source 1 such a mercury lamp 
or the like and converged by an elliptical mirror 2 is reflected by a mirror 3. The luminous 
flux reflected by the mirror 3 passes through a relay lens 4 and is monochromatized by a 
wavelength selection element 5. A monochromatized luminous flux L2 is refi-acted by a 
mirror 6 and is incident on a fly eye lens 7. At this moment, an incident surface of the fly eye 
lens 7 is provided in a position substantially conjugate to reticle patterns 28. An exit surface 
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of the fly eye lens 7 is formed on a Fourier transform corresponding surfac e p lane fFourier 
transform surfeee plane) of the reticle patterns 28 or in the vicinity of this suffee eplane . An 
aperture stop 8 is provided in close proximity to the exit surface of the fly eye lens 7. A 
numerical aperture of illumination light L3 is determined by a drive unit 9 for making 
variable a size of an opening of the aperture stop 8. The illumination light L3 is reflected by a 
mirror 10. Illuminated with the illumination light through a condenser lens 1 1 is a diffraction 
grating pattem plate (light transmissive flat plate) 12 incised with diffraction grating 
patterns 13a. This diffraction grating pattem plate 12 functions as a luminous flux distribution 
member in the present invention. This plate 12 is attachable/detachable and interchangeable. 
At this time, the diffraction fatmg -grating p attem plate 12 is provided on a surface 
substantially conjugate to the hyperfine reticle pattem surfaces 28 formed on a reticle ^27, 
The reticle patterns 28 may be herein isolated patterns or patterns having a periodic stmcture. 

[0052] As described above, an optical integrator such as the fly eye lens and fibers 
is used in an illumination optical system or illuminating the reticle with the light. Uniform e d 
Made uniform is an intensity distribution of the illumination light with which the reticle is 
illuminated. In the case of employing the fly eye lens to optically effect this homogenizing 
process, a reticle side focal surface and a reticle surface are linked based substantially on a 
relation of Fourier transform. The reticle side focal surface and a light source side focal 
surface are also linked based on the relation of Fourier transform. Hence, the pattem surface 
of the reticle and the light source side focal surface (precisely the light source side focal 
surface of each individual lens element of the fly eye lens) are linked based on an image 
forming relation (conjugate relation). For this reason, on the reticle, the illumination beams 
from the respective elements (secondary illuminant image) of the fly eye lens are added 
(overlapped) and thereby averaged. An illiuninance homogeneity on the reticle can be thus 
enhanced. 

[0053] Fig. 2 is a plan view showing one example of the diffraction grating pattem 

plate. 

[0054] The diffraction grating pattem plate 12 is a transparent substrate of fused 
quartz or the like and is formed with the diffraction grating pattem 13a. The 
dififraotio nP iffraction grating patterns 13a are conceived as line*and-space patterns formed of 
a Itefe-metal thin film of Cr and the like. Note that at this time, a pitch Pg of the diffraction 
grating patterns 13a €ffe-is desirably substantially given by Pg = 2Pr x M (m is the 
magnification of image formation between the diffraction grating pattem 13a and the reticle 
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patterns 28) with respect to a pitch Pr of the reticle patterns 28. A duty ratio t hereof is not 
necessarily 1 : 1 but may be arbitrary. 

[0055] Now, returning to the description of Fig. 1, (-) primary diffracted light L4 
and (+) primary diffracted light L5 generated by the diffraction grating pattern plate 12 are 
separated from each other by a condenser lens 15 on a Fourier transform Gurfaoo p lane 50 in 
the illumination optical system. The beams of light are then condensed in a position eccentric 
from the optical axis of the illumination optical system (or a projection optical system (29)). 
The positions through which the beams of (±) primary diffracted light L4, L5 pass above the 
Fourier transform s urfac e p lane are symmetric with respect to an optical axis AX. A spatial 
filter 16 is proivd e d p rovided o n the Fourier transform surfac e p lane o r on a surfaoo p lane in 
the vicinity of the Fourier transform surfao ep lane . Light transmissive positions (openings) are 
provided in such positions as to transmit only the beams of diffracted light ((+) primeuy 
diffracted light L4, L5 in this embodiment) of the specific order among the beams of 
diffracted light generated from the diffraction grating patterns 13a. Note that this spatial 
filter 16 may be such a variable type filter as to make variable a position and a configuration 
of the transmissive portion or may be a filter of such a type that the spatial filter 16 itself is 
attachable/detachable and interchangeable. The spatial filter 16 is preferably provided with, 
when the Oth-order diffracted light is generated from the diffraction grating pattern 13a, a Cr 
thin film having a size enough to shield the Oth-order diffracted light. Beams of light of 
unnecessary orders can be also shielded. 

[0056] Fig. 3 depicts a spatial filter 16a suitable when using the diffraction grating 
patterns 13a shown in Fig. 2. An oblique line portion indicates a light shielding portion. A 
radius of the spatial filter 16a is set greater than a total numerical aperture of the illimiination 
optical system. Two light transmissive portions (openings) 16al, 16a2 are provided in 
portions symmetric with respect to the central point of the spatial filter 16a. 

[0057] An intensity distribution (positions of luminous fluxes) on the Fourier 
transform surfaoo p lane o f the illumination optical system required differs depending on the 
directivity of the reticle pattem 28. It is, however, desirable that the directivity of the 
diffraction grating patterns 13a be equal to the directivity of the reticle patterns 28. In this 
case, it is not necessary that the directivities be identical. The directivity of the diffraction 
grating patterns 13a projected on the reticle pattem 28 may be coincident with a large 
proportion of the directivity of the reticle pattems 28. To implement these requirements, 
intrinsic diffraction grating pattems determined for the respective reticle pattems 28 are 
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incised in individual diflfraction ratiftg -grating p attern plates. Simultaneously when replacing a 
reticle 27, the reticle 27 may be replaced while matching it with the diffraction grating pattern 
plate. 

[0058] The diffraction grating patterns 13a are determined by the pitch or line width 
and the directivity of the reticle patterns 28. Hence, the same diffraction grating patterns plate 
may be used in common to a plurality of reticles having pattems in which the pitches, line 
widths and the directivities are substantially equal. 

[0059] If the directivities of the plurality of r e tirol e s -reticles are different, they may 
be made coincident with the directivities of the pattems on the respective reticles by rotating 
the diffraction grating pattern plate 12 within a plate vertical to the optical axis. Further, if the 
diffraction grating pattern plate 12 is rotatable (through, e.g., 90*"), a correspondence can be 
given to such a case that the line-and-space pattem directions of the reticle pattems 13a are 
different from directions x, y. The relay lens 15 is set as a zoom lens (afocal zoom expander 
and the like) composed of a plurality of lens elements, wherein a condensing distance is 
variable by changing a focal distance. In this case, however, the conjugate relation between 
the diffraction grating pattem plate 12 and the reticle 27 should be kept. Further, an image of 
the pattem 13a may be rotated by use of an image rotator. 

[0060] For instance, the diffraction grating pattems 13a may be employed in a state 
of being rotated about the optical axis of the illumination optical system to obtain an arbitrary 
angle in accordance with the directivity of the reticle pattems 28. 

[0061] Now, as illustrated in Fig. 1, the Ixmiinous fluxes L4, L5 passing through the 
spatial filter 16 are led to a reticle blind 20 via a condenser lens 19. The reticle blind 20 is 
provided on a surface substantially conjugate to the reticle pattem surfaces 28 and is a field 
stop for illuminating only the specific area on the reticle 27 with the light. This reticle 
blind 20 has an aperture openable and closable, with the aid of a drive system 21 and is 
capable of adjusting a size of the illumination area on the reticle 27. The reticle 27 is 
illuminated with luminous fluxes L6, L7 passing through the reticle blind 20 through 
condenser lenses 22, 26 and a mirror 24 disposed substantially in the vicinity of the Foxmer 
transform surfao ep lane . The luminous fluxes L6, L7 are incident on the reticle pattems 28, 
The beams of diffracted light generated from the reticle pattems 28 are condensed to form an 
image on a wafer 30 by means of a projection optical system 29. The wafer 30 is two- 
dimensionally movable within the plane vertical to the optical axis. The wafer 30 is placed on 
a wafer stage 3 1 movable in the optical-axis direction. 
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[0062] Fig. 40 schematically illustrates a fundamental configuration of light paths 
for illumination beams in an exposure apparatus in this embodiment. Referring to Fig. 40, the 
light transmissive portion (opemng) portions (openings) 16a of the spatial filter 16 is disposed 
ffl- eare disposed in position eccentric from the optical axis AX of the projection optical 
system or the illumination optical system on the Fourier transform surfac e plane . A coordinate 
position of the luminous fluxes passing through the Fourier transform Gurfaoo p lane is 
eccentric from the optical axis AX. 

[0063] Now, the illumination light L5 emitted from the e xit portion 16a of t he 
spatial filter 16 is incident on the reticle 27 via the condenser lens 26. The reticle pattems 28 
depicted on the reticle (mask) 27 typically contain a large number of periodic pattems. 
Therefore, a Oth-order diffracted light component DO, (±) primary diffracted light components 
Dp, Dm and -or other h igher-order diffracted light components are generated in directions 
corresponding to degrees of fineness of the pattems from the reticle pattems 28 illuminated 
with the light. At this moment, the illumination luminous fluxes (central line) are incident on 
the reticle 27 at an inclined angle. Hence, the diffracted light component of the respective 
orders are also generated from the reticle pattems 28 with an inclination (angular deviation) 
as compared with the vertical illumination. The illumination light L6 shown in Fig. 40 is 
incident on the reticle 27 with an inclination 9 to the optical axis. 

[0064] The illumination light L6 is diffracted by the reticle pattems 28, thereby 
generating a Oth-order diffracted light component Do traveling in a direction with the 
inclination <p to the optical axis AX, a (+) primary diffracted light component Dp with an 
inclination theta 9p to the Oth-order diffracted light component and a (-) primary diffracted 
light component Dm traveling with an inclination 9m to the Oth-order diffracted light 
component Do. The illumination light L6 is, however, incident on the reticle pattems at the 
inclined angle (p to the optical axis AX of the projection optical system 29 both sides of which 
are telecentric. For this reason, the Oth-order diffracted light component Do also travels in the 
direction inclined at the angle (p to the optical axis AX of the projection optical system. 

[0065] Hence, the (+) primary diffracted light component Dp travels in a direction 
of (9p + <p) to the optical axis AX, while the (-) primary diffracted light component Dm goes 
in a direction of (9m - <p) to the optical axis AX. 

[0066] At this time, the diffracted angles Op, Om are expressed such as: 

sin (9p H- (p) - sin (p = X/P ... (1) 

sin (9m - (p) + sin <p = XfP ... (2) 
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where it is assumed that both of the (+) primary diffracted Ught component Dp and (-) 
primary diffracted light component Dm penetrate a pupil Gurfaoo plane (the Fourier transform 
Gxirfaoo p lane of the reticle patterns) 51 of the projection optical system 29. 

[0067] When the diffracted angle increases with finer reticle patterns 28, the (+) 
primary diffracted light component Dp traveling in the direction inclined at the angle of (9p + 
(p) at first becomes incapable of penetrating the pupil surface 51 of the projection optical 
system 29. Namely, there is developed a relation such as sin (9p + cp) > NAr. Abeam of 
illumination light L131 L6 is incident with an inclination to the optical axis AX, and hence 
the (-) primary diffracted light component Dm is capable of incidence on the projection 
optical system 29 even at the diffracted angle of this time. Namely, there is developed a 
relation such as sin (0m - (p) < NAr. 

[0068] Produced consequently on the wafer 30 are interference fiinges by two 
luminous fluxes of the Oth-order diffracted light component Do and the (-) primary diffracted 
light component Dm. The interference fiinges are conceived as an image of the reticle 
patterns 28. A contrast of approximately 90 % is obtained when the reticle pattems 28 have a 
line-and-space of 1 : 1, and patterning of the image of the reticle pattems 28 can be effected 
on a resist applied over the wafer 30. 

[0069] A resolving limit at this moment is given by: 

sin (0m - (p) = NAr ••• (3) 

[0070] Hence, a reticle-side pitch of the transferable minimum pattem is given by: 
NAr + sin (p = MP 

P = Xy(NAR + sin (p) ...(4) 

[0071] Now, supposing that sin cp is set to approximately 0.5 x NAr as one example, 
the minimum pitch of the pattem on the transferable reticle is given by: 

P = A/CNAr + 0.5NAr) 

= 2X/3NAr ...(5) 

[0072] On the other hand, in the case of a known projection exposure apparatus in 
which a distribution of illumination light on the pupil surfac e p lane 51 of the Fourier 
transform surfac e p lane falls within a circular range (rectangular range) about the optical axis 
AX, the resolving limit is expressed by sin 0m = X/P = NAr. The minimum pitch is given by P 
= A/NAr. It can be therefore understood that the projection type exposure apparatus in this 
embodiment attains a higher resolving power than in the known exposure apparatus. 
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[0073] The following is an elucidation about why a focal depth becomes large on 
the basis of a method of forming image forming patterns on the wafer by use of the Oth-order 
diffracted Hght component and the primary diffracted light component while the reticle 
patterns are irradiated with the exposure light in a specific incident direction at a specific 
incident angle. 

[0074] As illustrated in Fig. 40, when the wafer 30 is coincident with the focal 
position (the best image forming surface) of the projection optical system 29, all the 
individual diffracted light components emerging from one point of the reticle patterns 28 and 
reaching one point on the wafer 30, even if they pass through any part of the projection 
optical system 29, have an equal length of light path. For this reason, even when the Oth-order 
diffracted light component penetrates substantially the center (in the vicinity of the optical 
axis) of the pupil surface 51 of the projection optical system 29, the oth orde r Oth-order 
diffracted light component and other diffracted light components are equal in terms of lengths 
of their light paths, and a mutual wavefront aberration is zero. When the wafer 30 is in a 
defocus state (the wafer 30 does not coincide with the focal position of the projection optical 
system 29), however, the lengths of the high-order diffracted light components obliquely 
falling thereon are short in front of the focal point as compared with the Oth-order diffracted 
light compon e nt passing in tho 0^ order diflfraot ed-light component passing in the vicinity of 
the optical axis. Whereas in rear of the focal point (closer to the projection optical system 29), 
the lengths inor e os e s increase . A difference therebetween corresponds to a difference between 
the incident angles. Hence, the Oth-order, primary, ... diffracted light components mutually 
form the wavefront aberration, resulting in creation of unsharpness in front and in rear of the 
position of the focal point. 

[0075] The wavefront aberration caused by the defocus described above is defined 
as a quantity given by AFr^/2, where AF is the amoimt of deviation from the focal point 
position of the wafer 30, and r (r = sin 6w) is the sine of an incident angle Gw in the case of 
(-) incidence of the individual diffracted light component. (At this time, r represents a 
distance from the optical axis AX on the pupil surfaoo p lane 5 1 .) In the conventional known 
projection type exposure apparatus, the Oth-order diffracted light component Do passes in the 
vicinity of the optical axis AX, and hence r (Oth-order) = 0. On the other hand, in the (±) 
primary diffracted light components Dp, Dm, r (primary) = My-X/P (M is the magnification of 
the projection optical system). 
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[0076] Therefore, the wavefront aberration due to defocusing of the Oth-order 
diffracted light component Do and the (+) primary diffracted light components Dp, Dm is 
given by: 

AF • {Xf?fli2^ 

[00771 On the other hand, in the projection type exposure apparatus according to 
this invention, as illustrated in Fig. 40, the Oth-order diffracted light component Do is 
generated in the direction inclined at the angle cp to the optical axis AX. Thus, the distance of 
the Oth-order diffracted light component from the optical axis AX on the pupil 
surfao e p lane 51 is expressed such as r (Oth-order) = M • sin <p. 

[0078] Further, the distance of the (-) primary diffracted light component Dm from 
the optical axis on the pupil surface is expressed such as r ((-) primary) = M • sin cp (0m - cp). 
At this time, if sin cp = sin 9m - cp, a relative wavefront aberration due to defocusing of the 
Oth-order diffracted light component Do and the (-) primary diffracted light component Dm 
becomes zero. Even when the wafer 30 deviates slightly in the optical-axis direction from the 
position of the focal point, it follows that the imsharp image of the patterns 28 does not 
become larger than in the prior aftsart. Namely, the focal depth increases. As shown in the 
formula (2), sin (0m - cp) + sin cp = XTP, and hence it is possible to remarkably increase the 
focal depth on condition that the incident angle (j) of the illumination luminous flux L6 to the 
reticle 27 is made to have a relation such as sincj) = X/2P with respect to the patterns having 
the pitch R 

[0079] Herein, as discussed above, each of the luminous fluxes L6, L7 is incident 
on the reticle 28 at the inclined angle cp in symmetry with respect to the optical axis of the 
projection optical system or the illumination optical system. Generated from the patterns 28 
are the Oth-order diffracted light component Do, a (-) primary light component Dm and a (+) 
primary light component Dp. 

[0080] The incident angle cp is prescribed by a numerical aperture NA of the 
projection optical system as well as by the reticle pattems 28. As expressed in the formula (4), 
this incident angle is selectively set to an incident angle corresponding to the minimum value 
of the reticle pattern pitch. The incident direction is desirably set to a pitch array direction of 
the reticle pattems. The optimum conditions of the incident angle will be explained later. 

[0081] Herein, as described above, the diffraction grating pattern plate 12 is 
disposed in the position substantially conjugate to the reticle pattems 28. The diffraction 
grating pattems 13a are therefore projected on the reticle pattems 28 via the illumination 
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optical system. For this reason, a light-and-shade image assuming the diffraction grating 
configuration is formed on the reticle pattems 28, and the uniformity in amount of 
illumination light is thereby deteriorated. However, the diffraction grating pattern plate 12 
incised with the diffraction grating pattems 13a is oscillated or shifted by one pitch of the 
diffraction grating pattems 13a or by approximately an integer multiple or greater during an 
oxpousro e xposure p eriod (while an unillustrated shutter is opened) per shot by a drive 
member 14 such as a motor, a piezoelement and the like. The light-and-shade image is 
thereby shifted by approximately one pitch or larger during the exposure period per shot. The 
limiinance is averaged (homogenized) in terms of time, thereby keeping well the uniformity 
in quantity of the illiunination light. The direction in which the light-and-shade image is 
shifted or oscillated is preferably set to exhibit a less correlation with the direction of the 
diffraction grating pattems 13a. For instance, the image is allowed to make a circular motion 
(synthesized with the oscillations in the directions x and y) wherein a diameter is set to a 
value which exceeds the pitch Pg of the pattems 13a within the plane vertical to the optical 
axis. 

[0082] At this time, one or more optical members closer to the reticle 27 than the 
diffraction grating pattem plate 12 may be shifted, oscillated or allowed to make the circular 
motion under the same conditions within the illumination optical system in place of the 
diffraction grating pattem plate 12. Fig. 1 shows an example where drive members 23, 25 are 
attached to the condenser lens 22 and the mirror 24. 

[0083] The light-and-shade image is averaged within the exposure period by giving 
the above-described shifting, oscillating or circular motion. The illumination light quantity on 
the reticle pattems 28 can be kept uniform. 

[0084] There is, however, a possibility to cause unevenness in the light quantity on 
the reticle pattem surfaces 28 due to a dispersion in diffraction efficiency or in transmissivity 
within the pattem plane which is derived from a manufacturing error of the diffraction grating 
pattems 13a. To prevent this phenomenon, a light scattering member 17 such as a diffusion 
plate of a lemon skin and the like may be disposed in close proximity to the Fourier transform 
surfac e p lane 50. 

[0085] The light emerging from one point on the diffraction grating pattems 13a is 
scattered by the light scattering member 17 and serves for illumination over a wide area of the 
reticle pattem surfaces 28. In other words, the light from the wide area of the diffraction 
grating pattems 13a reaches one point on the reticle pattem surfaces 28. A local error in 
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manufacture of the diffraction grating patterns 13a is relieved. At this time, the Hght scattering 
member 17 is shifted, oscillated or rotated by a motor 18 during the exposure period per shot, 
whereby a time averaging effect is produced. This makes it easier to eliminate the dispersion 
in the quantity of the illumination light. 

[0086] Note that when shifting, oscillating or rotating the light scattering 
member 17, the optical members such as the diffraction grating pattem plate 12 or the 
condenser lens 22 and the mirror 24 may not be shifted, oscillated or rotated. 

[0087] This light scattering member 17 provided in the vicinity of the Fourier 
transform 8urfaoo p lane d eteriorates the image of the diffraction grating patterns 13a but does 
not cause extreme fluctuations in the angular range of the incident angles of the illumination 
light incident on the reticle pattem surface 28. 

[0088] In addition, the fiber bundles may be laid leastwise larger than the spot 
beams on the Fourier transform s«Ffeee-Elane_or over the entire Fourier transform Gurfaco 
plane in place of the light scattering member 17 to deteriorate the light fluxes. Further, the 
effect to deteriorate the image can be enhanced by a combination with the light scattering 
member 17. 

[0089] Incidentally, the device depicted in Fig. 1 includes: a main control system 58 
for generalizing/controlling the device; a bar code reader 61 for reading bar codes BC 
representing the names prepared on_a side of the reticle patterns 28 in the course of carrying 
the reticle 27 just above the projection optical system 29; and a keyboard €2-63 for inputting 
commands and data from the operator. Registered beforehand in the main control system 58 
are the names of a plurality of reticles dealt with by this stepper and stepper operation 
parameters corresponding to the respective names. The main controller system 58 outputs, 
when the bar code reader 61 reads the reticle bar code BC, the previously registered 
information on the shift and the rotation of the diffraction grating pattem plate 12 to the drive 
member 14 as one of the oporaiton operation p arameters which corresponds to that name. The 
optimum distribution of the light quantity can be thereby formed on the Fourier transform 
surface 50 in accordance with the reticle pattems on the reticle. As one of the parameters 
corresponding to the names of the reticles, the information on the replacement of the 
diffraction grating pattem plate 12 is inputted to a reticle diffraction grating r eplacing 
member 62. The diffraction grating pattem plate 12 optimal to the reticle pattems 28 formed 
on the reticle is thereby selectable. The operations discussed above are executable by the 
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operator's inputting the commands and data directly to the main control system 58 from the 
keyboard 63. 

[00901 Now, in order to intensify the effect of improving the resolving power in this 
embodiment, preferably a= 0.1 to 0.3 by adjusting the numerical aperture 8 of the 
illumination system. The reason for this is that the improvements of the resolving power and 
of the focal depth are not attainable if the value a is too large, and whereas if too small, a 
fidelity declines. Hence, when an exit area of the fly eye lens 7 of the above-described 
illimiination optical system is set to 1, it is desirable to manufacture a fly eye lens having an 
exit area of, e.g. 0.3 in contrast with that value. The illimiination optical system from the 
elliptical mirror 2 to the fly eye lens 7 may preferably be constructed to maximize the light 
quantity with respect to a^i 0.3. In addition, the value a may be variable by changing the 
width of luminous fluxes incident on the fly eye lens 7 with the lens system 4 being 
composed of a zoom lens (afocal zoom lens). 

[0091] The foregoing positions of the respective mirror m irrors are not limited to 
the above-mentioned. For instance, the mirror 24 fitted with the drive member 25 may be 
disposed closer to the spatial filter 16 than the reticle blind 20. 

[0092] Next, there will be explained a case where the reticle patterns 28 are not 
oriented uniformly over the entire surface of the reticle but oriented partially in different 
directions. 

[0093] For example, a case where the reticle patterns 28 have the periodic structure 
in two directions x, y will be described. Where the reticle patterns 28 have the periodic 
structure in the two directions x, y, there may be employed the diffraction grating pattem 
plate 12 formed with diffraction grating patterns 13b arrayed partially in different directions 
as shown in Fig. 4. Referring to Fig, 4, diffraction grating pattems 13bl, 13b3 correspond to 
the reticle pattems 28 having the periodic structure in the direction y. Diffraction grating 
pattems 13b2, 13b3 correspond to the reticle pattems 28 having the periodic structure in the 
direction x. At this time, the pitch array direction of the diffraction grating pattems 13bl, 
13b3 is equalized to the pitch array direction of the reticle pattems 28 having the periodic 
structure in the direction y. The pitch array direction of the diffraction grating pattems 13b2, 
13b3 is equalized to the pitch array direction of the reticle pattems 28 having the periodic 
structure in the direction y. 

[0094] Fig, 5 is a diagram illustrating a spatial filter 16b corresponding to the 
diffraction grating pattem 13b depicted in Fig. 4. The spatial filter 16b includes light 
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transmissive portions (openings) 160b, 160c, 160d. The oblique line portion indicates a light 
shielding portion. The light transmissive portions 160a, 160c transmit the dif&acted light 
generated from the diffraction grating patterns 13bl, 13b3. A spacing between the light 
transmissive portions 160a, 160b is determined by a pitch of the diffraction grating 
patterns 13bl, 13b3. A direction and an angle of the diffracted light incident on the reticle 
pattems are determined by positions of the beams of refracted light at the spatial filter 16, i.e., 
by positions of the light transmissive portions 160a, 160c. 

[0095] Similarly, the light transmissive portions 160d transmit the diffracted light 
from the diffraction grating pattems 13b2, 13b4. A direction and an angle of the luminous 
flux incident on the reticle pattems 28 are determined by the position of the refracted light on 
the spatial filter 16 which is conditional to the pitch of the diffraction grating pattems 13b2, 
13b4. 

[0096] A configuration of the diffraction grating pattem 13b is not limited to the 
line-and-space depicted in Fig. 4 but may be a checked grating pattem 13c illustrated in 
Fig. 6. The pitch array direction is desirably matched with the array direction of the reticle 
pattems 28. As discussed above, if the periodic pattems on the reticle are arrayed in the two 
directions x, y, as illustrated in Fig. 6, the pitches of the checked grating pattem 13c may be 
set in the directions x, y. A dutv ratio t hereof is not limited to 1 : 1. 

[0097] Fig. 7 illustrates a spatial filter 16c for the checked grating pattem 13c 
shown in Fig. 6. The spatial filter 16c includes light transmissive portions 161a, 161b, 161c, 
16 Id. The oblique line portion indicates the light shielded portion. 

[0098] Spacings between the light transmissive portions 161a, 161b and 161 d, 161c 
are determined by the x-directional pitch of the diffraction grating pattem 13c shown in 
Fig. 6. Spacings between the light transmissive portions 161a, 161d and 161b, 161c are 
determined by the y-directional pitch of the diffraction grating pattem 13c shown in Fig. 6. 
Where the reticle pattems 28 have the periodic stmcture in the two directions x, y, the 
illumination light penetrating the light transmissive portions 161a, 161dis incident on the 
reticle pattems 28 having the x-directional periodic stmcture, thereby generating the (+) 
primary diffracted light component. This diffracted light component passes through 
substantially the same position as that of the Oth-order diffracted light component of the 
illumination light which has penetrated the light transmissive portions 161b, 161c 
respectively on the pupil surface 51 of the projection optical system 29. Reversely, the 
illumination light penetrating the light transmissive portions 161b, 161c is incident on the 
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reticle patterns 28 having the x-directional periodic structure, thereby generating the (-) 
primary diffracted Hght component. This diffracted Hght component passes through 
substantially the same position as that of the illumination light which has penetrated the light 
transmissive portions 161a, 161d respectively on the pupil surface 51 of the projection optical 
system. Distances from the optical 2ixis to the respective light transmissive portions 161a, 
161b, 161c, 161d are equally set. Therefore, the Oth-order diffracted light component and the 
(+) primary diffracted light component or the (-) primary diffracted light component pass 
through the positions having substantially equal distances from the optical axis on the pupil 
surface of the projection optical system. Four beams of illxmiination light passing through the 
light transmissive portions 161a to 161dare incident on the reticle patterns 28, thereby 
generating (+) or (-) primary diffracted light component. Combined light components of any 
one of these primary diffracted light components and the Oth-order diffracted light 
component all reach the wafer 30, whereby an image having, as described above, a contrast of 
approximately 90 %, is formed. Further, the Oth-order diffracted light component and the 
primary diffracted light components travel through the positions having substantially equal 
distances from the optical axis AX on the pupil surface 51 of the projection optical system 29, 
and hence the focal depth is also great. 

[0099] The case of the patterns having the periodicity in the direction x has been 
described so far. The pattems having the periodicity in the direction y are, however, available. 
The directions of the gratings are not limited to the above-mentioned but may include, e.g., a 
slant direction in accordance with the reticle pattems. Two pieces of light transmissive 
substrates formed with the repetitive diffraction grating pattems 13a shown in Fig. 2 are 
disposed so that the pattern surfaces confront each other. Two flat plates are relatively rotated 
about the optical axis of the illumination optical system, and arbitrary pattems may be formed 
by a adjusting the relative positions of the respective pattems. Further, the repetitive pattems 
assuming other arbitrary configurations may also be available. The diffraction grating 
pattems 13 may be not only the rectilinear pattems but also pattems having the periodic 
structure, e.g., homocentric grating pattems (Fresnel zone plate, etc.) and homocentric 
elliptical pattems. Additionally, the pattems having arbitrary light-and-shade portions in the 
two direction x, y may also be created by use of liquid crystal and the like. In these cases also, 
the spatial filter 16 having the transmissive portions determined based on the positions of 
diffracted light may be used. 

[0100] The diffraction grating pattern plate 12 may be the one in which a light 
shielding film of Cr and the like undergoes patterning on the surface of a transmissive 
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substrate, e.g., a glass substrate. Alternatively, the plate 12 may be the one provided with so- 
called phase gratings in which a dielectric film of Si02 or the like is subjected to patterning. 
The phase gratings exhibit such advantages that the Oth-order diffracted light component can 
be restrained, the spatial filter 16 can be also omitted, and a loss of the light quantity is small. 

[0101] As discussed above, the incident directions and the incident angles of the 
(plurality of) illumination luminous fluxes incident on the reticle patterns 28 are prescribed 
corresponding to the reticle patterns 28. The incident directions and angles can be adjusted 
arbitrarily by changing the directivity and the pitch of the diffraction grating pattems 13a. For 
example, as explained earlier, the diffraction grating pattern plate 12 is replaced with the one 
having the different pitches, thereby making variable the positions of the luminous fluxes 
incident on the Fourier transform surfac op lane . It is therefore possible to attain an arbitrary 
distribution of the illumination light quantity on the Fourier transform surface E larie_without 
causing a considerable loss of the illumination light quantity. As stated before, the 
transmitting positions of the luminous fluxes on the Fourier transform Gurface p lane are made 
variable, whereby the incident angle of the illumination light to the reticle pattems 28 is also 
made variable (the angle of the luminous fluxes incident on the projection optical system is 
adjustable to a desired angle). For this reason, it is feasible to obtain the projection exposure 
apparatus having a high resolving power and a smaller loss of the light quantity. The 
luminous flux transform member is intended to generate the light quantity distribution 
assuming an arbitrary configuration in accordance with the incident angle to the eticle 
pattems 28 on the Fourier transform surfac e p lane or in the vicinity of this Fourier transform 
surfaco plane . Eliminated is an adjustment of the relative positional relation with the reticle 
pattems. 

[0102] Note that there will be mentioned in detail the determination about the 
positions (on which the light quantity distributions concentrate on the entire Fourier transform 
surfac op lane) of the liuninous fluxes incident on the Fourier transform surfaco p lane 50. 

[0103] The following is an explanation of a method of deteriorating the image by 
providing optical elements in the light transmissive portions of the spatial filter 16 by way of 
an example of variant form of the means for deteriorating the image. 

[0104] Transmissive flat plates having different thicknesses and refi^active indices 
are adhered to the respective light transmissive portions of the spatial filter 16. The beams of 
light penetrating the individual light transmissive portions travel along the light paths which 
are each longer by a value of (diffraction grating pattern plate thickness x refi-active index). If 
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a difference between the lengths of the Hght paths of the luminous fluxes penetrating the 
respective transmissive portions is larger than a coherent length of the illumination light, the 
beams of light penetrating the respective transmissive portions do not interfere with each 
other on the reticle pattem surfaces. Namely, it implies that no image of the diffraction grating 
patterns is formed. For instance, if the illumination light is an i-beam (wavelength = 0.365 
/xm, wavelength width = 0.005 fim) of the mercury lamp, the coherent length of the 
illumination light is approximately 27 pm. Where the glass having a refractive index of 1.5 is 
used as the above-described diffraction grating pattem plate, a diflFerence (At) between the 
thicknesses of the flat plates adhered to the respective openings is expressed such as: 
At x(1.5 - l)>27iLtm 

where the refractive index of the air is 1. The difference defined by At > 54 fim may suffice. 

[0105] Hence, if the glasses individually having a refractive index of, e.g., 1 .5 and 
thicknesses of 1000 fim, 1060 /xm (thickness-difference is 60 fim) are adhered to the 
respective openings of the spatial filter illustrated in, e.g., Fig. 3, the interference fiinges on 
the reticle pattem surfaces - i.e., the image of the diffraction grating patterns - disappear 
(deterioration). 

[0106] Where the light transmissive flat plates having the different thicknesses and 
refractive indices are adhered to the openings of the spatial filter 16 in this manner, the 
diffraction grating patterns 13 and the optical member or the light scattering member 17 may 
not be oscillated, shifted or rotated. 

[0107] If a coherence length of the illumination light is large, and when using, e.g., 
a laser beam source, preferably an optical rotatory element such as crystal may be adhered to 
one opening of the spatial filter 16 to rotate a polarizing direction of the transmission light 
through approximately 90°. Adhered to other openings are the transmissive flat plates of glass 
and the like having substantially equal length of the light path as that of the optical rotary 
element. Where the spatial filter described above is employed, almost a half of the luminous 
fluxes with which the reticle pattem surfaces are irradiated are orthogonal (alternatively, 
circularly polarized light in the reverse direction) to each other in terms of their polarizing 
directions. Therefore, the interference fringes - viz., the image of the diffraction grating 
patterns - are deteriorated. The diffraction grating patterns 13 are positioned with slight 
deviations in the optical-axis direction from the conjugate position to the reticle patterns 28, 
with the result that the image of the diffraction grating patterns 13 projected on the reticle 
patterns 28 may be deteriorated (defocused). 
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[0108] Deteriorated (homogenized) by the image deteriorating means on the basis of 
the above-described construction are the xmnecessary light-and-shade fringes (the image of 
the diffraction grating patterns) which are produced by projecting (image- forming) the 
diffraction grating pattems serving as the luminous flux distributing member on the reticle 
pattern surfaces through the illumination optical system. Alternatively, the fringes are 
averaged in time and then homogenized in terms of the distribution of the image surface light 
quantity. An unevenness of illuminance on the reticle pattem surfaces can be prevented-frem 
b e ing d e t e riorat e d . Further, it is feasible to remarkably reduce the manufacturing costs for the 
luminous flux transform members without being influenced by the defects in manufacturing 
the luminous flux distributing members. 

[0109] The diffraction grating pattem plate 12 may be not only the transmissive 
pattem plate but also a reflective pattem plate shown in Fig. 8. The optical member for 
transforming the illumination light described above into a plurality of luminous fluxes and 
forming an arbitrary light quantity distribution on the Fourier transform surfac e p lane 50 is 
not limited to the diffraction grating pattem plate 12 or 12 A. 

[0110] Fig. 9 is a schematic diagram showing an arrangement in which a prism 33 
formed with a plurality of refractive surfaces is employed as a member (luminous flux 
distributing member) for guiding a plurality of luminous fluxes onto the Fourier transform 
surfac e p lane 50 and forming an arbitrary light quantity distribution on the Fourier transform 
surfac e p lane . The configurations toward the light source from a relay lens 1 1 and toward the 
reticle from a relay lens 1 5 are the same as those shown in Fig. 1 . The prism 33 in Fig. 9 is 
divided into two refractive surfaces with the optical axis AX serving as a boundary. The 
illumination light incident upwardly of the optical axis AX is refracted upwards, whereas the 
illumination light incident downwardly of the optical axis AX is refracted downwards. Hence, 
the illumination luminous fluxes can be incident on the Fourier transform surface p lane in 
accordance with a refracting angle of the prism 33. The dividing number of the refractive 
surfaces is not limited to 2 but may be any number in accordance with a desired light quantity 
distribution on the Fourier transform surfao ep lane . The dividing positions are not necessarily 
symmetric positions with respect to the optical axis AX. 

[0111] The incident positions of the illumination liuninous fluxes incident on the 
Fourier transform surfac e p lane 50 is -are made variable by exchanging the prism 33. 

[0112] Further, the prism 33 at this time may be a polarization beam solitter splitter 
such as wollaston prism, etc. In this case, however, the polarizing directions of the split 
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luminous fluxes are different, and hence the polarization properties may be arranged in one 
direction, considering the polarization property of the resist of the wafer 30. The device, as a 
matter of course, incorporates a function to exchange the prism and the like. 

[0113] Fig. 10 shows an example where a plurality of mirrors 34a, 34b, 34c, 34d are 
employed as luminous flux distributing members. The illumination light passing through the 
relay lens system 11 is so reflected as to be separated into two directions through the primary 
mirrors 34b, 34c and guided by the secondary mirrors 34a, 34d. The illumination light is 
again reflected and reaches the Fourier transform swfiae eplane . Each of the mirrors 34a, 34b, 
34c, 34d is provided with a position adjusting mechanism and a mechanism for adjusting an 
angle of rotation about the optical axis AX. Based on these mechanisms, the illumination light 
quantity on the Fourier transform surface 50 is arbitrarily made variable. Further, the 
mirrors 34a, 34b, 34c, 34d may be plane, convex or concave mirrors. As depicted in Fig. 10, it 
is permitted that some luminous fluxes are not reflected once by the mirrors but the-are 
incident directly on the Fourier transform surfac e p lane 50 from the relay lens 4. Besides, 
lenses may be interposed between the secondary mirrors 34a, 34d and the Fourier transform 
Gurfao ep lane . 

[0114] Prepared by twos in Fig. 10 are the primary mirrors 34b, 34c and the 
secondary mirrors 34a, 34d. The numerical quantity is not limited to this value. The mirrors 
may be disposed appropriately corresponding to the desired illumination light incident on the 
Fourier transform surfac e p lane i n accordance with the reticle pattems 28. All the mirrors are, 
as the necessity arises, constmcted to retreat up to such positions that the illumination 
luminous fluxes strike on the mirrors. 

[0115] Fig. 1 1 illustrates an example where a beam spHtter is employed as a 
luminous flux distributing member. The configurations toward the light source fi*om the relay 
lens 11 and towards the reticle from the space filter 16 are the same as those shown in Fig. 1. 
As illustrated in Fig. 11, the illimiination light traveling through the relay lens 11 is split into 
two luminous fluxes LAI, LA2 by means of a beam splitter 38 provided in the illumination 
optical system. The luminous fluxes LAI, LA2 are distributed as those having a certain 
magnitude (thickness) on the Fourier transform surfaco p lane 50 through lens systems 39, 40 
and plane parallels 41, 42. The lens systems 39, 40 are properly selected, whereby a 
magnitude of the illimiination light quantity distribution on the Fourier transform 
surfac e p lane 50 can be arbitrarily set. The plane parallels 41, 42 are minutely movable 
(inclinable) by drive systems 43, 44, The distributed positions of the luminous fluxes 
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distributed on the Fourier transform surfaoo p lane 50 can be minutely adjustable. The drive 
systems 43, 44 are constructed of motors, gears or piezoelements and so on. 

[01 16] The luminous flux distributing member may involve the use of a waveguide 
member such as optical fibers and the like. Fig. 12 is a schematic diagram in a case where an 
optical fiber bimdle 35 is used as a Ixmiinous flux distributing member. The configurations 
towards the light source firom the relay lens 1 1 A and towards the reticle from the spatial 
filter 16 are the same as those shown in Fig. 1 . The illumination light emerging fi-om the light 
source and penetrating the relay lens 1 1 A is incident via an incident portion 351 on the optical 
fiber bundle 35 while being adjusted to a predetermined nimierical aperture (NA). The 
illumination limiinous fluxes incident via the incident portion 351 on the optical fiber 
bimdle 35 are split into a plurality of luminous fluxes and exit a plurality of exit portions 35a, 
35b. The plurality of exit portions 35a, 35b are provided in positions eccentric fi-om the 
optical axis AX on the Fourier transform surface plane (pupil Gurfaco plane of the 
illumination optical system) 50. Only the luminous fluxes which exit only the exit 
portions 35a, 35b are formed in close proximity to the Fourier transform surfac e plane . 

[0117] It is therefore possible to form an arbitrary distribution of the illumination 
light quantity in the vicinity of the Fourier transform surface p lane even by using the optical 
fiber bundle 35 as in the same way with the above-mentioned difiraotinp diffraction g rating 
pattern plate 12. 

[0118] At this time, lenses (e.g., filed -field lenses) may be interposed between the 
exit portions 35a, 35b of the optical fiber bundle 35 and the spatial filter 16. 

[0119] As discussed above, the incident angles of the illumination light falling on 
the reticle 27 and the reticle patterns 28 are determined by the positions (eccentric from the 
optical axis AX) of the exit portions 35a, 35b within the plane vertical to the optical axis AX. 
For this reason, the exit portions 35a, 35b are independently movable with the aid of movable 
members 36a, 36b for adjusting the positions of the exit portions 35a, 35b within the Fourier 
transform surface. 

[0120] Next, an embodiment of the movable portions movable on the fiber exit 
portions will be explained with reference to Figs. 12 and 13. Fig. 12 is a sectional view, as in 
Fig. 1, taken substantially in the direction vertical to the optical axis. Fig. 13 is a plan view 
taken substantailly in the optical-axis direction. 

[0121] Employed herein are four pieces of fiber exit portions 35a, 35b, 35c, 35d as a 
means for creating an arbitrary light quantity distribution on the Fourier transform 
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surface p lane 50. The respective fiber exit portions are in discrete positions eccentric fi^om the 
optical axis AX and are disposed at substantially equal distances fi-om the optical axis AX. 
Turning to Figs. 12 and 13, the fiber exit portions 35a, 35b, 35c, 35d are stretchable and 
contractible in the direction perpendicular to the optical axis by means of drive elements such 
as motors and gears which are incorporated into the movable members 36a, 36b, 36c, 36d 
through support bars 37a, 37b, 37c, 37d. The movable members 36a, 36b, 36c, 36d 
themselves are also movable in the circumferential direction ^at -about t he optical axis along 
a fixed guide 36e. Therefore, the individual fiber exit portions 35a, 35b, 35c, 35d are 
independently movable in the intra-plane direction vertical to the optical axis. Namely, these 
exit portions are independently movable to arbitrary positions (so as not to overlap with each 
other). The respective positions (within the plane vertical to the optical axis AX) of the fiber 
exit portions 35a, 35b, 35c, 35d shown in Figs. 12 and 13 are changed preferably in 
accordance with the reticle patterns to be transferred. Exit surfaces of the exit portions 35a, 
35b may be formed with the light scattering members such as diffusion plates and with 
aperture spots for regulating the apertures. 

[0122] The luminous flux distributing member may be replaced with the spatial 
filter 16 provided in the vicinity of the Fourier transform surfao ep lane . In this case, however, 
a loss of the light quantity increases. 

[0123] Note that the foregoing luminous flux distributing means (such as the optical 
fibers and the beam splitter) depicted in Figs. 9 through 12 are all intended to prepare the 
light quantity distribution in close proximity to the Fourier transform surfaco plane of the 
reticle patterns. The positions (conjugate relation) in whioh of the exit portions of the 
luminous distributing means may be arbitrarily set. 

[0124] Given is a case where the plural beams of illumination light come fi-om the 
luminous flixx distributing member. However, one luminous flux may be incident on the 
position eccentric by a predetermined quantity fi-om the optical axis AX on the Fourier 
transform surfaco plane 50. For instance, one luminous flux may fall on the Fourier transform 
surfaco p lane 50 by providing one exit portion of the fiber 35 shown in Fig. 12. 

[0125] Now, the incident positions of the luminous flux distributing member onto 
the Fourier transform surface p lane are determined (changed) preferably according to the 
reticle patterns to be transferred. A method of determining the positions in this case is that, as 
explained referring to Fig. 4440, the incident position (incident angle (p) of the illumination 
luminous fluxes fi*om the exit portions to the reticle patterns may be set to obtain the effects 
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of improving the resolving power and focal depth which are optimal to the degree of fineness 
(pitch) of the patterns to be transferred. 

[0126] By exemplifying a case where the optical fibers are used herein as a 
luminous flux transform member, there will be next explained a concrete example of 
determining the position (gravity position of the light quantity distribution created by one 
luminous flux incident on the Fourier transform smfeee plane) of the luminous flux passing 
above the Fourier transform surfao op lane . The explanation will be given with reference to 
Figs. 15 A through 15D. Figs. 15A to 15D are diagrams schematically illustrating the exit 
surfaces of the elements from the exit portions 35A, 25B 35a. 3Sb to the reticle patterns 28. 
The exit surfaces coincide with the Fourier transform surfgoo p lane 50. At this time, the lenses 
or a lens group for bringing both of them into a Fourier transform relation are expressed in the 
form on a single lens 26 (Tig. 14) . Further, it is assumed that f is the distances from the 
principal point on the side of the fly eye lens to the exit surface and from the principal point 
on the side of the reticle of the lens 26 to the reticle patterns 28. 

[0127] Figs. 15A and 15C are diagrams each showing an example of some pattems 
formed in the reticle pattems 28. Fig. 15B illustrates the central position (the optimum 
position of a peak value of the light quantity distribution on the Foxirier transform 
sttffee eplane) on the Fourier transform surface p lane for the pupil surfaeeplane) of the 
projection optical system) which is optimal to the reticle pattems of Fig. 15 A. Fig. 15D is a 
diagram illustrating the central position (gravity position of the light quantity distribution 
created by one limiinous flux incident on the Fourier transform surfao e p lane) of the exit 
portions optical optimal t o the reticle pattems of Fig. 15C. Fig. 15A depicts so-called one- 
dimensional line-and-space pattems wherein the transmissive portions and light shielding 
portions are arranged with equal widths to assume a striped configuration in the direction Y 
and also regularly arranged at pitches P in the direction X. At this time, the central position of 
one exit portion (surface illuminant) is, as illustrated in Fig. 15B, in an arbitrary position on a 
line segment La or Lp in the direction Y which is presumed within the Fourier transform 
Sttrfiae eplane . Fig. 1 5B is a diagram showing a Fourier transform surfaoo p lane SOA 
associated with the reticle pattems 28 which is viewed substantially in the optical-axis 
direction AX. Coordinate systems X, Y within the Fourier transform surfaoo p lane 50A are 
identical with those in Fig. 15, wherein the reticle pattems 28 are observed in the same 
direction. Now, the distances a, p from the center C through which the optical axis AX passes 
to the respective line segments La, LP have a relation such as a = S. These distances are equal 
such as: a = P = f»(l/2)»(?i/P), where A is the exposure wavelength. When the distances a, R 
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are expressed as f»sin<p:, sin<p = TJll?. This is identical with the numerical value explained in 
Fig. 40. Hence, the plurality of exit portions are provided, and the respective central positions 
of the individual exit portions are on the line segments La, Lp. On this assumption, it follows 
that the two diffracted light components i.e., the Oth-order diffracted light component 
generated from the illumination light coming from the respective exit portions and any one of 
the (+) primary diffracted light components pass through the position having almost equal 
distances from the optical axis AX on the pupil surfaco p lane 51 of the projection optical 
system with respect to the line-and-space patterns. Therefore, as discussed above, the focal 
depth with respect to the line-and-space pattems (Fig. 15 A) can be maximized, and the high 
resolving power is also obtainable. Note that one exit portion (surface illuminant) to be 
formed on the line segments La, Lp may suffice if a positional deviation concomitant with the 
defocus of the wafer 30 is ignored. 

[0128] Next, Fig. 15C shows a case where the reticle pattems are so-called isolated 
spatial pattems, wherein Px is the X-directional (crosswise) pitch of the pattems, and Py is the 
Y-directional (vertical) pitch thereof. Fig. 1 5D is a diagram illustrating the optimum position 
of the exit portion in that case. The positional/rotational relationship associated with Fig. 15C 
are the same as those of Figs. 15A and 15B. As seen in Fig. 15C, when the illumination light 
falls on the two-dimensional pattems, the diffi-acted light components are generated in the 
two-dimensional directions corresponding to periodicity (X : Px, Y : Py) in the two- 
dimensional directions of the pattems. Even in the two-dimensional pattems shown in 
Fig. 15C, if the Oth-order diffracted light component and any one of the (±) primary diffracted 
light components in the diffracted light have almost equal distances from the optical axis AX 
on the projection optical system pupil surfaco plane 5L the focal depth can be maximized. In 
the pattems of Fig. 15C, the X-directional pitch is Px. Therefore, as shown in Fig. 15, if the 
centers of the respective exit portions are on the line segments La, LP defined such as a = 13 
= f*(l/2)»(Y/Px), the focal depth can be maximized with respect to the X-directional elements 
of the pattems. Similarly, if the centers of the respective exit portions are on line segments Ly, 
Le defined such as y = £ = f»(l/2)»( A/Py), the focal depth can be maximized with respect to 
the Y-directional elements of the pattems. 

[0129] When the illumination luminous fiuxes corresponding to the exit portions 
disposed in the respective positions shown thus in Figs. 15B and 15D are incident on the 
reticle pattems 28, the Oth-order diffracted light component Do and any one of a (+) primary 
diffracted light component Dp and a (-) primary diffracted light component Dm pass through 
the Hght paths having the equal distances from optical axis AX on the pupil Gurfao e p lane 5 1 
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within the projection optical system 29. Consequently, as stated in conjunction with Fig. 4, it 
is possible to actualize a projection type exposure apparatus with a high resolving power and 
a large focal depth. Only two examples of the reticle patterns 28 shown in Figs. 15A and 15B 
have been considered so far. Even in other patterns, however, the attention is paid to the 
periodicity (degree of fineness) thereof The respective exit portions may be disposed in such 
positions that two luminous fluxes i.e., the Oth-order diffracted light component and any one 
of the (+) primary diffracted light component and the (-) primary diffracted light component 
travel through the light paths having the substantially equal distances from the optical axis 
AX on the pupil surface p lane 51 within the projection optical system. Provided in the pattem 
examples of Figs. 15A and 15C are the patterns having a ratio (duty ratio), 1 : 1, of the line 
portion to the spatial portioiis. Consequently, (±) primary diffracted light components become 
intensive in the diffracted light generated. For this reason, the emphasis is placed on the 
positional relation between one of the (±) primary diffracted light components and the Oth- 
order diffracted light component. In the case of being different from the duty ratio of 1 : 1, 
however, the positional relation between other diffracted light components, e.g., one of (+) 
secondary diffracted light components and the Oth-order diffracted light component may be 
set to give the substantially equal distances from the optical axis AX on the projection optical 
system. 

[0130] If the reticle patterns 28, as seen in Fig. 15D, contain the two-dimensional 
periodic pattems, and wh e n paving tho attention to r egarding one specific Oth-order diffracted 
light component, there probably exist higher-order diffracted light components than th e 
primary^ light components which or e distributed in including the primarv light components of 
which the order is higher than the Oth-order diffracter light component, which the X-direction 
(the first direction) and in the Y-direction (the second direction) about the single Oth-order 
diffracted light component on the pupil surfac e p lane 5 1 of the projection optical system. 
Supposing that the image of the two-dimensional pattems is formed well with respect to one 
specific Oth-order diffracted light component, the position of the specific Oth-order diffracted 
light component may be adjusted so that three light components i.e., one of the higher-order 
diffracted light components distributed in the first direction, one of the higher-order diffracted 
light components and one specific Oth-order diffracted light component are distributed at the 
substantially equal distances from the optical axis AX on the pupil surface p lane 5 1 of the 
projection optical system. For instance, the central position of the exit portion in Fig. 15D is 
arranged to coincide with any one of points P^, Pr|, Pk, P|i. The points P^, Pti, Pk, P^i are all 
intersections of the line segment La or LP (the optimum position to the X-directional 
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periodicity, i.e., the position in which the Oth-order diffracted light component and one of the 
(±) primary diffracted light components in the X-direction have the substantially equal 
distances from the optical axis on the pupil surfac e p lane 5 1 of the projection optical system) 
and line segments, Ly, Le (the optimum positions to the Y-direction periodicity). Therefore, 
those positions are the light source positions optimal to either the pattem direction X or the 
pattern direction Y. 

[0131] Presumed in the above-described arrangement are the patterns as two- 
dimensional pattems having the two-dimensional directivities at the same place on the reticle. 
The aforementioned method is applicable to a case where a plurality of pattems having 
different directivities exist in different positions in the same reticle pattems. 

[0132] Where the pattems on the reticle have the plurality of directivities and 
degrees of fineness, the optimiun position of the secondary illuminant image, as explained 
earlier, corresponds to the respective directivities and degrees of fineness of the pattems. 
Alternatively, however, the secondary illuminant image may be in the averaged position of the 
respective optimum positions. Besides, this averaged position may also undergo load 
averaging in which a weight corresponding to the significance and degree of fineness of the 
pattem is added. 

[0133] (On e o r One of or a plurality e^of Ixmiinous fluxes with which the reticle 27 
is irradiated are incident on the reticle 27 with an inclination to the optical axis AX of the 
projection optical system 29. At this time, if the direction of the light quantity gravity of those 
illumination luminous fluxes is inclined to the optical axis AX, there arises such a problem 
that the position of a transferred image shifts in the intra- wafer-surface direction during 
minute defocusing of the wafer 30. To prevent this problem, the direction of the light quantity 
gravity of the illumination luminous fluxes distributed on the Fovirier transform surfac e p lane 
is made perpendicular to the reticle pattems 28, i.e., parallel to the optical axis AX. For 
example, where the optical fibers are employed as a liuninous flux transform member, the 
arrangement is effected to make zero a vector simi (integration) of a product of the exit 
portion's position (positional vector within the Fourier transform surfac e p lane from the 
optical axis AX of the gravity of the light quantity distribution created by the exit portions) 
and the transmission light quantity. Note that when using the diflfraction grating pattem 
plate 12 as a member for forming the light quantity distribution on the Fourier transform 
suFfee eplane . this condition is automatically satisfied. The following is a definite example of 
the above-mentioned distribution of the illumination light quantity. The number of luminous 
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fluxes is set to 2m (m is the natural number), and positions of the m-number luminous fluxes 
are arbitrarily set, while positions of remaining m-numbered luminous fluxes may be set in 
symmetry with respect to the optical axis AX and the former m-numbered liuninous fluxes as 
well. 

[0134] Besides, the exit surfaces of the exit portions 35a, 35b may be formed with 
aperture stops for regulating the apertures and with light scattering members such as diflRision 
plates, etc. 

[0135] The number of the plurality of the exit portions is not limited to 4 but may be 
arbitrarily set corresponding to the reticle patterns 28. For instance, three pieces of exit 
portions are available. The center of a single piece of secondary illuminant image formed by 
one exit portion is set in the position eccentric by a quantity corresponding to the reticle 
pattems 28 from the optical axis AX. The secondary illuminant image may be changed 
depending on the time. 

[0136] hi addition, if necessary, the reticle 27 may be arranged so as not to undergo 
an irradiation of the illimiination light from a^specific one of the exit portions. For example, 
supposing that a broken line circle 5 OA in Fig. 13 is formed corresponding to a size of the 
pupil surface p lane 51 of the projection optical system 29, the light shielding member is 
provided outwardly of this broken line circle 50A in combination with the Fourier transform 
surface p lane 50 (Fig. 1) of the illvunination system. When the unnecessary exit portions 
retreat to this light shielding portion (outside the broken line circle 50 A of Fig. 13), it is 
possible to obtain a desired number of exit portions. 

[0137] A diameter (numerical aperture of one beam of illumination light on the 
Fourier transform surfac e plane of the illumination system) of opening of each exit portion is 
preferably set so that a so-called 6-value (a ratio of the numerical aperture of the illumination 
optical system which is estimated in the projection optical system to the numerical aperture of 
the projection optical system) becomes approximately 0.1 to 0.3 per liuninous flux. If the a- 
value is 0.1 or under, the image fidelity declines, whereas if this value is 0.3 or above, the 
increasing effect of the focal depth is reduced. 

[0138] Fig. 16 is a diagram schematically illustrating a construction of the 
projection type exposure apparatus in accordance with a second embodiment of this 
invention. The principal configuration of the aligner is the same as that of Fig. 1. The same 
members as those in Fig. 1 are marked with the same reference numbers. In this embodiment, 
the means for forming an arbitrary light quantity distribution on the Fourier transform surface 
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plane involves the use of a movable optical member such as a reflection mirror and the like in 
place of the luminous flux distributing member used in the first embodiment. 

[0139] The lens system 4 is irradiated with a luminous flux LI emitted from the 
light source 1 via the elliptical mirror 2. The luminous flux LI is shaped into a substantially 
coUimated luminous flux L2 by means of the lens system 4 and becomes a luminous flux L3 
through the fly eye lens 7 and the aperture stop 8. A reflector 54 is irradiated with the 
luminous flux L3 via the lens system 1 1 . A field stop 20 is irradiated with a liuninous flux fe4 
L5 reflected by the reflector 54 through lens systems 15, 19. Further, a half-mirror 24A is 
irradiated with a luminous flux L5 passing through the filed -field stop 20 via a lens 
system 22. The luminous flux L5 reflected by the half-mirror 24A then falls on the reticle 27 
at a predetermined incident angle through a lens system (principal condenser lens) 26. The 
configuration towards the wafer from the lens system 26 is the same as that of Fig. 1 (the first 
embodiment), and the description is therefore omitted. Note that the aperture stop 8 is a stop 
for determining a coherent factor a of the illumination luminous flux as in the first 
embodiment. 

[0140] On the other hand, the limiinous flux penetrating the half-mirror 24 A is 
condensed by a lens system 56 and imdergoes a photoelectric conversion in a light quantity 
meter 57 such as a semiconductor sensor and the like. A light quantity signal S obtained from 
the light quantity meter 57 is transmitted as an electric signal to a control circuit 58. Based on 
the light quantity signal S, the control circuit 58 gives instmctions to a shutter drive unit 53 
for driving a shutter 52 and to drive elements 55 A, 55B for driving the reflector 54. When the 
shutter drive unit 53 is operated, the limiinous flux 2 is cut off by the shutter 52, thereby 
stopping the exposure. Note that this embodiment has a construction to control the shutter 
drive unit 53 and the drive elements 55 A, 55B by use of the light quantity meter 57. The 
effects of the present invention are not varied by the arrangement that the control is performed 
simply in accordance with the exposure time without providing the light quantity meter 57. 

[0141] Based on the construction given above, the incident surface of the fly eye 
lens 7, the field stop 20, the reticle patterns 28 (pattern surfaces) of the reticle 27 and the 
wafer 30 are conjugate to each other. Further, the exit surface of the fly eye lens 7, the Fourier 
transform Gurfaoo plane 50 of the reticle 27 and the pupil surfac e p lane 5 1 of the projection 
optical system 29 are also conjugate to each other. 

[0142] Note that for making the illuminance on the reticle surface 27 homogeneous, 
the incident surface of the fly eye lens 7 is positioned to have an image forming relation with 



32 

the reticle 27. On the other hand, the exit surface of the fly eye lens 7 is positioned 
corresponding to the Fourier surfac e transform plane (pupil ourfao e plane) with the reticle 
patterns 28 of the reticle 27 serving as object surfaces. 

[0143] The reflector 54 is, as described above, in the position substantially 
conjugate to the reticle 27 and rotatable about two axes orthogonal to each other on, e.g., a 
reflecting surface, the reflector 54 is rotated by the drive elements 5 5 A, 55B such as motors, 
piezoelements and the like. 

[0144] Turning to ln Fig. 1 6, the reflected light lA-LS travoling towards tho 
luminous flux L 4 a is shown by a solid line. The reflected luminous flux fc4a"L5 is allowed to 
travel in the direction of, e.g., a luminous flux Lib L4 by changing a rotary angle of the 
reflector 54. That is, one secondary illimiinant image at the exit end of the fly eye lens 7 is 
shifted on the Fourier transform surfac e plane 50. It is also, as a matter of course, possible to 
provide a component movable in the direction perpendicular to the sheet of Fig. 16. 

[0145] In the thus constructed exposure apparatus, the reflector 54 is driven by the 
drive elements 5 5 A, 55B and set in predetermined positions. Thereupon, the luminous flux 
IA-L3 whose principal beam is coaxial with the optical axis AX of the illumination optical 
system is changed into luminous fluxes L 4 a. L 4 b L5. L4 whose principal beams are inclined 
to the optical axis AX. These luminous fluxes L 4 a, L 4 b L5, L4 are condensed respectively in 
positions different from the optical axis AX in the vicinity of the Fourier transform 
surface p lane SO of the reticle 27. For this reason, a luminous flux L5 (corrogponding to tho 
luminous flux L 4 a) with which the reticle 27 is irradiated is obliquely incident on the 
reticle 27. As explained in Fig. 4440, the high resolving power and the large focal depth are 
attainable. Supposing Tuming to Fig. 16 supposing that an illumination luminous flux ip&BrLS 
for illuminating the reticle 27 is always incident on the reticle 27 at a constant incident angle, 
however, the light quantity gravity (in other words, the principal beam of the Ivmiinous flux 
fe§aL5) in the incident direction of the luminous flux fe§e-L5 bv which the image is formed on 
the wafer 30 comes to assume a slant state (non-telecentric state) to the wafer 30. Namely, it 
may happen that the image position deviates sideways within the wafer surface with a minute 
deviation (defocus) of the wafer 30 in the direction of the optical axis AX. Taken in this 
embodiment is such a measure for preventing this lateral deviation that the incident angle of 
the illumination luminous flux on the reticle 27 is changed by the reflector 54. Hence, after 
performing the illumination with a predetermined amount of exposure by use of the luminous 
flux t7^L5 incident at a certain incident angle (p, and th e r e after the reflector ^54 is moved. 
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The illumination is effected this time to have the same amoimt of exposure as the above- 
mentioned by using the luminous flux hSb-LS incident at an incident angle -cp. The lateral 
deviation of the light quantity gravity incident on the wafer from a normal line of the wafer 
surface is thereby offset with the exposure at incident angle +(p and the exposure at the 
incident angle -(p. The projection type exposure apparatus in this embodiment is provided 
with the light quantity meter 57 for measuring the quantity of light with which the reticle is 
irradiated. It is therefore feasible to easily make constant the exposure quantity at the incident 
angle +<p and the exposure quantity at the incident angle -<p and further equalize these values. 
Even in the case of controlling the exposure time instead of providing the light quantity 
meter, it is similarly possible to make the respective exposure quantities constant and equalize 
these values. An arbitrary light quantity distribution on the Fourier transform siufao e p lane 50 
can be formed in this maimer by use of the movable reflector. 

[0146] In accordance with this embodiment, the reflector 54 defined as a movable 
optical member existing in the position substantially conjugate to the reticle 27 is moved. It 
can be therefore considered that if the field stop 20 is disposed closer to the light source than 
the reflector 54, a positional relation between the reticle 27 and the field stop 20, though 
small, deviates with the movement of the reflector 54. Hence, the field stop 20 is desirably is 
placed closer to the reticle 27 than the reflector 54. 

[0147] If there is an insufficient compensation of chromatic aberration of the optical 
elements in the projection optical system 29 and the illumination optical system (from the 
lens system 26 to the light source 1 in the Figure), a wavelength selecting element such as a 
band-pass filter is used in the illumination luminous flux, e.g., the luminous flux L2. 
Alternatively, the reflection member such as the elliptical mirror 2 may involve the use of a 
multilayer dielectric mirror to enhance a reflectivity of only the specific wavelength. 

[0148] It is to be noted that even in the case of transferring circuit patterns by the 
projection type exposure apparatus in this embodiment, as in the first embodiment, the ratio, 
i.e., a so-called coherent factor a, of the numerical aperture of the illumination luminous flux 
to the numerical aperture on the part of the photo mask of the projection optical system is 
preferably 0.1 to 0.3. Hence, the fly eye lens 7 and the aperture stop 8 are set so that a = 0.1 to 
0.3. 

[0149] Fig. 17 is a diagram depicting a configuration of a variant form 1 of the 
projection type exposure apparatus in this embodiment. This variant form employs a lens 
system as a movable optical member. However, the constructions toward the light source 
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from the fly eye lens 7 and toward the reticle from the Fourier transform ourfaco plane (pupil 
surface plane of the illumination optical system) 50 are the same as those in Fig. 16, and the 
description is therefore omitted. The luminous flux emerging from the fly eye lens falls on a 
lens system 59a having a positive power via the lens system 1 1 on a lens system 59b having a 
negative power. The lens systems 59a, 59b are disposed in close proximity to the surface 
conjugate to the reticle 27. A sum of the powers of the lens systems 59a, 59b becomes 0. The 
lens systems 59a, 59b are movablv m ovable r espectively by the lens drive members 55c, 55d 
within the surface vertical to the optical axis AX. The luminous flux penetrating the lens 
systems 59a, 59b movably by the drive members 55c, 55d becomes a luminous flux having 
the principal beam different from the optical axis AX of the illimiination optical system. The 
luminous fluxes -flux is condensed in a position different from the optical axis AX on the 
Fourier transform surfaoo plane 50. 

[0150] Referring to Fig. 17, the lens systems 59a, 59b are moved almost an equal 
distance in th e dir e ction opposite directions perpendicular to the optical axis. As a result, the 
liuninous flux penetrating the lens systems 59a, 59b is incident on the lens system 15 at a 
given angle inclined to the optical axis AX. If the positions of the lens systems 59a, 59b are 
changed by the lens drive members 55c, 55d, the luminous flux exited can e-be oriented in an 
arbitrary direction. Note that the lens drive members 55c, 55d are controlled by a control 
circuit 58. 

[0151] A new lens system having a positive power is disposed closer to the 
reticle 27 than the lens system 59b and movably by the lens drive member. Further, a total of 
powers of the lens systems 59a, 59b and of the newly added lens system having the positive 
power may be arranged to be 0. Similarly, a lens system having a negative power is disposed 
closer to the light source than the lens system 59a. A total of powers of the lens systems 59a, 
59b and of the newly added lens system having the negative power may be also arranged to be 
0. Note that the arrangement of the lens system in which iha^position is variable is not 
limited to only the combinations given above. A permissible arrangement is that the lens 
group composed of a plurality of lens elements has a power total of 0, and the illumination 
luminous flux can be oriented in an arbitrary direction by moving the respective lens 
elements. The lens elements to be driven are not specified. Similarly, the lens elements 
capable of orienting the illumination luminous flux in an arbitrary direction are satisfactory. 

[0152] Fig. 18 is a diagram schematically illustrating a second variant form of the 
projection type exposure apparatus in this embodiment. In this variant form, the movable 
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optical element involves the use of a photo transmitting means such as fibers. An arbitrary 
light quantity distribution is formed on the Fourier transform swfeeeElsn?- However, the 
constructions toward the light source from the fly eye lens 7 and toward the reticle fi-om the 
lens system 19 are the same as those in Fig. 16, and the description is therefore omitted. The 
Fourier transform Gurfaco plane 50 is linked via the photo transmitting means such as optical 
fibers 60 to the exit side of the fly eye lens 7. Hence, the exit surface of the fly eye lens 7 
corresponds to the Fourier transform surfac e p lane 50. The exit side of the optical fibers 60, 
i.e., the portion on the side of the Fourier transform surfaoo p lane 50. is movable by a drive 
member 55e. The illimiination luminous flux (illuminant image) can be thereby distributed in 
arbitrary positions within the Fourier transform surfaoo p lane 50. The drive member 55e is, as 
in the same way with the variant form 1 of this embodiment, controlled by the control 
circuit 58. 

[0153] Next, an exposure method by use of the exposure apparatus in the second 
embodiment will be described with reference to Figs. 19A and 19B. 

[0154] Figs. 19A and 19B are flowcharts each showing the exposure method in the 
embodiment of this invention. A difference between Figs. 19A and 19B lies in whether the 
exposure is stopped or not when driving the reflector 54. In advance of the exposure, the 
shutter 52 is in such a status as to cut off the luminous flux L2. Determined herein are the 
number of positional changes of the reflector 54, coordinates of the respective positions of the 
reflector and exposure quantities for the respective coordinates (step 101). As stated before, 
however, if a so-called light quantity gravity of the illumination light when the luminous flux 
L5 corresponding to each position of the reflector 54 falls on the reticle 27 deviates fi"om the 
optical axes AX of the illumination optical system and the projection optical system 3029, 
there exists a possibility of causing a lateral deviation of the transferred image due to a very 
small defocus of the wafer 30. It is thus required to determine the respective positions of the 
reflector 54 and the illumination light quantities (exposure quantities) for illumination 
according to the respective positions of the reflector 54 so that the light quantity gravity 
coincides with the optical axis AX. This may be accomplished by determining, when one 
pattem exposxu-e is completed by effecting 2m-time (m is the natural number) exposing 
processes, the coordinates of the reflector 54 effecting the m-time exposures thereof. Further, 
the coordinates of the reflector effecting the remaining m-time exposures may be set in 
symmetry with respect to the optical axis AX and the incident Ivuninous flux in a case where 
the incident luminous flux is associated with the former m-time exposures. Incidentally, a 
method of determining the coordinates of the reflector 54 which is performing the exposing 
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processes at respective angles in a plurality of positions may be prescribed so that the light 
quantity distribution (positional coordinate of the luminous fluxes) on the Fourier transform 
surfac e plane 50 has the conditions explained in the first embodiment with reference to 
Figs. 14 and 15. More specifically, the position of the reflector 54 may, when transferring the 
patterns depicted in Fig. 15 A, be determined so that the center (principal beam) of the 
illumination luminous flux L 4 a or L 4 b L5 or lA. reflected by the reflector 54 coincides on the 
line segment La or LP on the Fourier transform surfac e p lane 50. When transferring the 
patterns shown in Fig. 15B, the central position of the illumination luminous flux reflected by 
the reflector 54 may be determined to coincide on the line segment La or Lp and the line 
segment Ly, Ls. The optimum position in this case includes four points P^, Pti, Pk, Pji. 

[0155] Next, operating instructions are issued fi-om the control circuit 58 to the 
drive members 55a, 55b, and the reflector 54 is set in a predetermined first position 
(step 102). The operator inputs the first position by means of an input vmit incorporated into 
the control circuit 58. Alternatively, the control circuit 58 is allowed to determine the first 
position of the reflector 54 on the basis of the information on the circuit patterns 28 on the 
reticle 27, the information being inputted by the operator through the input unit. A necessary 
total exposure quantity E is likewise inputted by the operator through the input unit. The 
control circuit 58 is, even when being inputted by the operator, permitted to decide specific 
degrees of exposures which are effected in the respective positions of the reflector 54. As in 
the first embodiment, the information described above may be obtained by reading the bar 
codes BC provided on the mask. 

[0156] Subsequently, the action enters the actual exposing process. The reflector 54 
is almost fixed in the first position previously determined. In this state, the control circuit 58 
issues an instruction of "Open shutter" to the shutter drive unit 53. A shutter 52 is opened, 
and the exposure isstartod is started (step 103). The reticle is illuminated with the 
illumination luminous flux. Consequently, the reticle patterns 28 are transferred on the 
wafer 30. At this moment, some illumination luminous fluxes passing through the half- 
mirror 24A are received and converted photoelectrically by the light quantity meter 57. When 
an integrated value of the light quantity signal S thereof reaches a predetermined value, i.e., 
an exposure quantity corresponding to the previously determined first position (step 104), or 
just before reaching that value, the control circuit 58 gives the operating instmctions to the 
drive members 55a, 55b. The position of the reflector 54 is thereby changed to a 
predetermined second position (step 105). Note that when the integrated value (integrated 
light quantity) of the light quantity signal S, as shown in Fig. 19B, reaches the predetermined 
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value, the shutter 52 is temporarily stopped (step 105a). The reflector 54 is moved after 
stopping the exposure. The reflector 54 is substantially fixed in the predetermined position, 
and thereafter the shutter 52 is opened (step 105b). Then, the exposure may resume. 

[0157] When the integrated value of the light quantity signal S comes to the 
predetermined value in the second position of the reflector 54 (step 106), or just before 
reaching this value, the reflector 54 is moved in the same manner as before. The reflector 54 
is substantially fixed in a third position, and the exposure continues. At this time also, the 
shutter 52 is temporarily closed as in the previous case, and the exposxu-e may be stopped. 

[0158] Thereafter, the position of the reflector 54 is likewise changed to m- 
numbered positions, thus performing the exposures. When the integrated value of the light 
quantity signal S somes to the preset total exposure quantity E in the m-th position of the 
reflector 54 (step 107), the shutter 52 is closed, thus completing the exposure. 

[0159] Incidentally, where Ei, E2, . . . Em (2^^ = E, 1 ^ i ^ m) are the exposure 
quantities in the respective positions, the exposure in the first position is ended when the 
integrated value of the light quantity signal S reaches Ei or just before reaching it. The 
exposure in the second position is ended when the integrated value reaches (Ei + E2) or just 
before reaching it. Namely, the exposure in the arbitrary n-th position among the exposures 
in the first through m-th positions comes to an end when the integrated value reaches SEi 
(l^i^n). 

[0160] Adopted is a method of stopping the exposure by closing the shutter 52 
during a movement of the reflector 54. In this case, the integrated value is reset to 0 during a 
stoppage of the exposure. Thereafter, the exposure resumes, and when the integrated value of 
the light quantity signal S reaches the predetermined value En, the exposvu*e in the arbitrary n- 
th position may be ended. 

[0161] The exposures in accordance with the second embodiment of this invention 
are thus completed. Therefore, the wafer 30 is carried in parallel within the surface vertical to 
the optical axis AX by a wafer stage 3 1 . The exposures may be newly effected in other 
exposure regions of the wafer 30. Besides, the exposures may be performed in the exposed 
region by replacing the reticle 27 while superposing other circuit patterns thereon. Note that 
when newly effecting the exposures in other positions of the wafer 30, the sequence of 
positions of the reflector 54 may be so reversed as to start with the m-th position and end up 
with the first position. 
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[0162] Based on the above-described exposure method, the reflector 54 is moved 
while making the exposure continue. In this case, the illumination light emerging from 
directions other than the predetermined one is incident on the reticle 27 during the movement 
of the reflector 54. This causes a possibility where the effects to obtain the foregoing high 
resolving power and large focal depth will decline. For preventing this, a space filter having 
transmissive portions only in predetermined positions is provided in the vicinity of the 
Fourier transform surfaoo p lane 50 between the lens systems 15, 19 shown in Figs. 16. In this 
spatial filter, the transmissive portions are formed in the predetermined positions eccentric 
from the optical axis AX on the Fourier transform surfaoo p lane 50, while the light shielding 
portions are formed in other positions. The predetermined positions of the transmissive 
portions are those through which the illumination luminous fluxes L 4 a, L 4 b L5, L4 generated 
from the reflector 54 in the respective positions for obtaining the desired resolving power and 
focal depth pass above the Fourier transform Gurfaco p lane 50. Diameters of the respective 
transmissive portions serve to determine a-values of the individual illumination luminous 
fluxes. Hence, this diameter is optically equivalent to the aperture stop 8 on the surface of the 
exit side of the fly eye lens 7 which has been previously determined; viz., the diameter is set 
considering a relation in magnification between the surface (conjugate to the Foxuier 
transform surfaoo p lane 50) on the exit side of the fly eye lens 7 and the Fourier transform 
surface 50. The diameter of the specific transmissive portion may be smaller than the above- 
mentioned (equivalent) diameter. 

[0163] Namely, the a-value of the specific liuninous flux among the luminous 
fluxes incident on the reticle 27 may be decreased. 

[0164] A light scattering member such as a lemon skin filter and the like may be 
provided on the Fourier transform Gurfaco plane 50. This light scattering member is capable 
of making unsharp defects and dusts on the movable optical member. It is therefore possible 
to prevent the unevenness of illimiinance on the reticle 27 which is caused by the dusts and 
defects. Note that an image forming relation between the reticle 27 and the movable optical 
member (reflector 54) becomes unsharp due to the light scattering member but does not exert 
any adverse influence on the effects of the present invention. 

[0165] A third embodiment of the present invention will next be explained with 
reference to the drawings. In accordance with the first and second embodiment described 
above, the luminous flux transform member for forming an arbitrary light quantity 
distribution on the Fourier transform surface p lane and the movable optical member are 
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interposed between the reticle and the optical integrator of the fly eye lens or the like. In this 
embodiment, however, the luminous flux transform member and the movable optical member 
are interposed between the optical integrator and the light source, thereby improving the 
illuminance homogenizing effect. 

[0166] Fig. 20 illustrates an outline of a projection type exposure apparatus 
(stepper) suitable for the third embodiment of this invention. Provided is a diffraction grating 
pattem plate 12 as an optical member (a part of an input optical system of this invention) for 
concentrating the illumination light on a light-source-side focal surface 72a of a fly eye 
lens 72. Note that the same members as those in the first and second embodiments are 
marked with the like symbols. 

[0167] The illvunination luminous fluxes emerging from the mercury lamp 1 are 
condensed at a second focal point of the elliptical mirror 2. Thereafter, the diffraction grating 
pattem plate 12 is irradiated with the condensed limiinous flux via a mirror 6 and a lens 
system 71 of a relay system. An illumination method at this time may be the Kohler 
illumination method or the critical illumination method. However, the critical illumination 
method is desirable in terms of obtaining a more intensive light quantity. The diffracted light 
generated from the diffraction grating pattem plate 12 is incident in concentration on the 
position eccentric from the optical axis AX of the light-source-side focal surface 72a (incident 
surface) of the fly eye lens 72 with the aid of the relay lens 73. It is herein assumed that the 
Oth-order and (±) primary diffracted light components are generated. At this moment, the 
light-source-side focal surface 72a of the fly eye lens 72 and the diffraction grating pattem 
plate 12 have substantially a Fourier transform relation through the relay lens ^73. Note that 
the illumination light on the the diffraction grating pattem plate 1 2 is illustrated as coUimated 
luminous fluxes in Fig. 20, but they are actually divergent luminous fluxes. Hence, the 
luminous flux incident on the light-source-side focal surface 72a of the fly eye lens 72 has a 
certain magnitude (thickness). Correspondingly, the exit luminous flux from a reticle-side 
focal surface 72b of the fly eye lens 72 in accordance with the incident light flux on the light- 
source-side focal surface 72a also has a certain magnitude. 

[0168] On the other hand, the reticle-side focal surface 72b of the fly eye lens 72 is 
so disposed as to be substantially coincident with the Fourier transform surfac e p lane (pupil 
conjugate Gurfacc plane) of the reticle pattems 28. 

[0169] The respective lens elements of the fly eye lens 72 depicted in Fig. 20 are 
double convex lens elements, shown therein is a case where the light-source-side focal 
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surface 72a coincides with the incident surface, and the reticle-side focal surface 72b 
coincides with the exit surface. The lens elements of the fly eye lens do not strictly fulfill this 
relationship. Those lens elements may be plane-convex lens elements, convexo-plane lens 
elements or plane-concave lens elements. The fly eye lens is composed of one or more lens 
elements. 

[0170] Note that the light-source-side focal surface 72a of the fly eye lens 72 and 
the reticle-side focal surface 72b have, as a matter of course, the Fourier transform relation. 
Hence, in the example of Fig. 1, the reticle-side focal surface 72b of the fly eye lens 72, i.e., 
the fly eye lens exit surface, has the image forming (conjugate) relation with the diffiraction 
grating pattern plate 12. 
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[0171] Now, the reticle 27 is illuminated to have a homogeneous illuminating 
distribution with the luminous flux emerging from the reticle-side focal surface 72b of the fly 
eye lens 72 via condenser lenses 74, 75 and a mirror 24. In accordance with this embodiment, 
the spatial filter 16 composed of a metal plate or the like and bored with two openings 
corresponding to the (±) primary diffracted light components from the diffraction grating 
pattem plate 12 is disposed in the vicinity of the reticle-side focal surface 72b (exit side) of 
the fly eye lens 72. The Oth-order diffracted light component from the diffraction grating 
pattem plate 12 is thereby cut off. The illumination light with which the reticle patterns 28 
are illuminated are therefore limited to the one having two secondary illuminant images in the 
positions eccentric from the optical axis AX on the reticle-side focal surface 72b of the fly 
eye lens 72. The diffraction grating pattem plate 12 is employed as an optical member for 
concentrating the illumination light on the light-source-side focal surface 72a of the fly eye 
lens 72. Formed are the two secondary illuminant images symmetric with respect to the 
optical axis AX. Hence, the illumination light with which the reticle patterns 28 are 
illuminated aFe-is_limited to only the luminous fluxes having specific incident angles on the 
reticle patterns 28. As discussed above, the image of the diffraction grating pattem plate 12 is 
formed on the reticle-side focal surface 72b of the fly eye lens 72. The reticle-side focal 
surface 72b and the reticle pattem surfaces 28 have the Fourier transform surface relation. 
This eliminates such possibilities that the image of the diffraction grating pattem plate 12 
itself is formed on the reticle 27 to deteriorate the illuminance homogeneity, and further there 
is produced the ununiformity due to th e dust o dust and the defects of the diffraction grating 
pattem plate 12. Note that the spatial filter 16 is provided in close proximity to the light- 
source-side focal surface 72b of the fly eye lens 72, i.e., on the side of the exit surface of the 
fly eye lens 72; but this filter may be provided on the reticle sid e focal surface 72a, i.e., on the 
side of the incident surface. 

[0172] The diffracted light generated from the reticle patterns 28 on the thus 
illuminated reticle 27 is, as in the same way explained with reference to Fig. 40, condensed 
and image-formed by the telecentric projection optical system 29. The image of the reticle 
patterns 28 is transferred on the wafer 30. 

[0173] The diffraction grating pattem plate 12 may be not only the transmissive 
pattem plate similar to that in the first embodiment but also a reflective pattem plate. If the 
diffraction grating pattem plate 12 exhibits a reflective property, as illustrated in Fig. 21, a 
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reflective diffraction grating pattern plate 12A is, as depicted in Fig. 8, illuminated with the 
illumination luminous flux from the relay lens 71. The diffracted light reflected and 
diffracted therein may be incident on the fly eye lens 72. The constructions toward the light 
source from the relay lens 71 and toward the reticle from the fly eye lens 72 are the same as 
those of Fig. 20. At this time, as in the first embodiment, the incident directions and incident 
angles of the illumination limiinous fluxes (plural) incident on the reticle patterns 28 of the 
reticle 27 are determined depending on the reticle patterns 28. The incident directions and 
angles are arbitrarily adjustable by changing directivities and pitches of the diffraction grating 
pattem plates 12, 12 A. For instance, diffraction grating patterns 5, S ap lates 12. 12A are 
replaced with those having different pitches, thereby making variable the illumination light 
incident on the light-source-side focal surface 72a of the fly eye lens 72 and further making 
variable a distance of the secondary illxmiinant image from the optical axis AX on the reticle- 
side focal surface 72b of the fly eye lens 72. It is therefore feasible to make variable the 
incident angle of the illumination light on the reticle patterns 28 of the reticle 27. As in the 
first embodiment, when the diffraction grating pattem plates 12, 12A are made rotatable (e.g., 
through 90°) in an arbitrary direction within the surface vertical to the optical axis AX, it is 
possible to correspond to the case where the pitch direction of the line-and-space patterns of 
the reticle patterns 28 is different from the directions x, y. Further, the relay lens 73 may 
come under a zoom lens system (such as an afocal zoom expander, etc.) consisting of a 
plurality of lens elements, and the condensing position can be varied by changing the focal 
distance. At this time, however, it is required to keep substantially the Fourier transform 
relation between the diffraction grating pattem plate 12 or 12A and the light-source-side focal 
surface 72a of the fly eye lens 72. The optical member for concentrating the illumination 
light on the light-source-side focal surface 72a of the fly eye lens 72 described above is not 
limited to the diffraction grating pattem plate 12 or 12 A. 

[0174] As depicted in Fig. 22, the movable optical member shown in the second 
embodiment, e.g., a movable plane mirror 54 is disposed instead of the reflective diffraction 
grating pattem plate 12A illustrated in Fig. 21 . Provided also is a drive member 55a such as a 
motor for making the plane mirror 54 rotatable. The plane mirror 54 is rotated or oscillated 
by the drive member 55a. The illumination light is incident on the light-source-side focal 
surface 72a of the fly eye lens 72, whereby the secondary illuminant image of the reticle-side 
focal surface 72b of the fly eye lens 72 can be varied according to the time. If the plane 
mirror 54 is rotated to a plurality of proper angular positions during the exposing process, the 
secondary illuminant image of the reticle-side focal surface 72b of the fly eye lens 72 can be 
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formed in arbitrary configurations. Note that when using this type of movable reflection 
mirror 54, the relay lens system 73 may be omitted. By the way, the spatial filter 16 depicted 
in Fig. 22 is provided on the side of the incident surface of the fly eye lens 72 but may be, as 
in the same way with Fig. 20, provided on the side of the exit surface. 

[0175] The optical member for concentrating the illumination light on the light- 
source-side focal surface 72a of the fly eye lens 72 may involve the use of the beam splitter 
shown in Fig. 1 1, the optical fibers of Figs. 12 and 19, the prism of Fig. 9, the plurality of 
mirrors of Fig. 10 and the optical member of Fig. 17. 

[0176] Fig. 23 is a schematic diagram wherein an optical fiber bundle 35 is 
employed. The constractions toward the light source fi-om the relay lens 71 and toward the 
reticle firom the fly eye lens 72 are the same as those shown in Fig. 20. Respective exit 
portions 35a, 35b of the optical fiber bundle 35 are disposed in positions corresponding to the 
reticle patterns 28 in the vicinity of the light-source-side focal surface 72a of the fly eye lens. 
At this time, lenses (e.g., field lenses) may be interposed between the respective exit 
portions 35a, 35b of the optical fiber bundle 35 and the fly eye lens 72. Further, there may be 
given the Fourier transform relation between the light-source-side focal surface 72a of the fly 
eye lens and the light exit surfaces of the optical fiber exit portions 35a, 35b owing to the 
lenses interposed therebetween. As in the first embodiment, the respective exit portions (or 
the lenses between the exit portions 35 a, 35b and the fly eye lens 72) are made movable one- 
dimensionally or two-dimensionally within the surface perpendicular to the optical axis by 
means of the drive member such as a motor, etc.. The illumination light incident on the light- 
source-side focal surface of the fly eye lens is thereby made variable. The secondary 
illuminant image on the reticle-side focal surface 72b of the fly eye lens is also made variable. 

[0177] Fig. 24 shows an example of using a prism 33 having a plurality of refi*action 
surfaces as an optical member for concentrating the illumination light on the light-source-side 
focal surface 72a of the fly eye lens 72. The illumination luminous fluxes can be incident on 
the light-source-side focal surface 72a of the fly eye lens 72 in accordance with refi-action 
angles of the prism 33. The constructions toward the light source fi-om the relay lens 71 and 
toward the reticle fi-om the fly eye lens 72 are the same as those of Fig. 20. The incident 
position of the illumination luminous flux incident on the light-source-side focal surface 72a 
of the fly eye lens is made variable by replacing the prism 33. In place of the prism 33, a 
reflection mirror having differently-angled reflection surfaces is used and, as illustrated in 
Fig. 22, disposed, thereby eliminating the necessity for the drive member 55a. The device, as 
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a matter of course, incorporates a function to exchange the prism and the like. When 
employing this type of prism also, the relay lens system 73 may be omitted, 

[0178] Fig. 25 shows an example where a plurality of mirrors 34a - 34d are used as 
optical members for condensing the illumination light on the light-source-side focal 
surface 72a of the fly eye lens 72. The constructions toward the light source from the relay 
lens 71 and toward the reticle from the fly eye lens 72 are the same as those of Fig. 20. 
Provided in the respective mirrors 34a - 34d are position adjusting mechanisms and 
mechanisms for adjusting an angle of rotation about the optical axis AX by which a illumina- 
tion light quantity distribution on the light-source-side focal svu-face 72a of the fly eye lens 72 
is made arbitrarily variable. Besides, the prism 33 may be combined with the movable plane 
mirror 54 or with the mirrors 34a - 34d. 

[0179] Further, the optical member for concentrating the illumination light on the 
light-source-side focal surface 72a of the fly eye lens 72 may be replaced with the spatial 
filter 16 provided in the vicinity of the light-source-side focal surface 72a of the fly eye lens. 
The components in the embodiments shown in Figs. 20 through 25 may be combined with the 
spatial filter 16. At this time, the number of openings of the spatial filter 16 is not 1 but may 
be arbitrary numbers corresponding to the reticle pattems 28. 

[0180] Fig. 26 is a diagram depicting a construction of the projection type exposure 
apparatus in a further embodiment of this invention. The mirror 24, the condenser lens 75, 
the reticle 27 and the projection optical system 29 are the same as those shown in Fig. 20. As 
a construction toward the light source from the fly eye lens 72, any one of the examples 
shown in Figs. 20 through 25 and the example in which the spatial filter 16 is provided in the 
vicinity of the light-source-side focal surface 72a of the fly eye lens 72 may be used . A 
spatial filter 16A formed with arbitrary openings (transmissive portions, or further 
semitransmissive portions) is provided in close proximity to the reticle-side focal surface 72b 
of the fly eye lens 72. The illumination luminous flux emerging from the fly eye lens 72 is 
thereby regulated. The Fourier transform Gurfaoo p lane of a reticle-side focal surface 72b of 
the fly eye lens 72 with respect to a relay lens 76 A is defined as a conjugate surfac e p lane t o 
the reticle pattems 28, and hence a variable field stop (reticle blind) 76 is provided therein. 
The illimiination luminous flux is Fourier-transformed again by the relay lens 76B and 
reaches a conjugate surfac e plane (Fourier surfac e plane 50B of the reticle-side focal 
surface 72B of the fly eye lens 72. The above-mentioned spatial filter 16A may be provided 
on the Fourier surface 50B. The illumination luminous flux from the fly eye lens 72 is further 
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guided to the reticle 27 with the aid of the condenser lenses 76B76C, 75 and the mirror 24, 
Note that if there exists a system for condensing the illumination light on the position 
eccentric by a quantity from the optical axis which is determined corresponding to the reticle 
patterns 28 on the light-source-side focal surface 72A of the fly eye lens 72, the spatial filter 
may not be disposed in the position of the optical member 16A or 50B. 

[0181] In this case also, the field stop (reticle blind) 76 is usable. 

[0182] Shown is the example where the plural beams of illumination light come 
from the optical member for concentrating the illumination light on the light-soxu-ce-side focal 
surface 72a of the fly eye lens 72 described above. However, one limiinous flux may be 
incident on the position eccentric by a predetermined quantity from the optical axis AX. For 
example, one exit portion of the fiber bundle 35 shown in Fig. 23 is prepared, while one 
luminous flux may be incident on the light-source-side focal surface 72 A of the fly eye 
lens 72, 

[0183] In all the embodiments of Figs. 20 through 26, a diameter of one opening of 
the spatial filters 16, 16A is desirably set so that a ratio, a so-called a-value, of a numerical 
aperture for the reticle 27 associated with the illumination luminous fluxes penetrating the 
openings to a reticle-side numerical aperture (NAr) of the projection optical system 29 is 
approximately 0.1 to 0.3. 

[0184] For satisfying the condition of the a-value determined by one illumination 
luminous flux incident on the light-source-side focal surface 72a of the fly eye lens 72, a 
function to make the a-value variable may be given to an optical member for concentrating 
the illumination light on the light-source-side focal surface 72a of the fly eye lens and making 
variable a light quantity distribution in the vicinity of the focal surface 72a in place of the 
spatial filter 16A disposed close to the reticle-side focal STirface 72b of the fly eye lens 7. For 
instance, the spatial filter 16 is dispsoed disposed on the light-source-side focal surface 72a of 
the fly eye lens, and the a-value per luminous flux may be determined by the diameter of the 
opening thereof Concomitantly, it is possible to further optimize the a-value and NA in the 
form of the projection system by providing a variable aperture stop (NA regulating stop) in 
the vicinity of the pupil (incident pupil or exit pupil) 51 within the projection optical 
system 29. The spatial filter 16 also exhibits an effect to shield unnecessary luminous fluxes 
among the fluxes generated from the optical member for condensing the illumination light on 
the light-source-side focal surface 72a of the fly eye lens 72. This filter further exhibits an 
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effect to reduce the quantity of light which reaches the wafer by decreasing a transmissivity of 
the opening with respect to specific luminous fluxes. 

[0185] It is preferable to determine (change) the incident position (position of the 
secondary illuminant image on the light-source-side focal surface 72b -72a o f the fly eye 
lens 72) of (one or pliu-al) illumination luminous flux(es) on the light-sovu-ce-side focal 
surface 72a of the fly eye lens 72 in accordance with the reticle patterns to be transferred. In 
this case, the method of determining the position is that, as stated earlier, the incident position 
(incident angle 9) of the illumination luminous flux from the fly eye lens 72 on the reticle 
patterns may be set to obtain the effect of improving the resolving power and focal depth that 
are optimal to the degree of fineness (pitch) of the pattems to be transferred. A concrete 
example of the positional determination of the secondary illuminant image (surface illuminant 
image) is the same as the determining method explained in the first embodiment with 
reference to Figs. 14 and 15. It is assumed that the central position (the optimum position of 
the gravity of the light quantity distribution created by one secondary illuminant image) of 
one secondary illiuninant image is, as illustrated in Fig. 15B, on the Y-directional line 
segment La presumed within the Fourier transform surfao e p lane . Alternatively, it is assumed 
that the centers of the respective secondary illimiinant images are placed on arbitrary 
positions on the line segment LB, or, as illustrated in Fig. 15D, on the line segments La, Lfi 
defined such as a = B = f • (1/2) • (k/Px) or on the line segments Uk, Le defined such isX = 
8 = f • (1/2) • (k/Py). Based on these assumptions, the focal depth can be maximized. As in 
the first embodiment, the Oth-order diffracted light component Do coming from the reticle 
pattems 28 and any one of the (+) primary diffracted light component Dp and the (-) primary 
diffracted light component Dm may be arranged to pass through the light paths having the 
equal distances from the optical axis AX on the pupil surfaoo p lane 51 within the projection 
optical system 29. If the reticle pattems 28, as seen in Fig. 15D, contain the two-dimensional 
periodic pattems, and when paying the-attention to one specific Oth-order diffracted light 
component, there probably exist higher-order diffracted light components than th e primary 
light oomponento including the primarv diffracted light components of which the order is 
higher than the Oth-order diffracted light component which are distributed in the X-direction 
(the first direction) and in the Y-direction (the second direction) about the single Oth-order 
diffracted light component on the pupil surfaco plane 5 1 of the projection optical system. 
Supposing that the image of the two-dimensional pattems is formed well with respect to one 
specific Oth-order diffracted light component, the position of the specific Oth-order diffracted 
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light component may be adjusted so that three light components i.e., one of the higher-order 
diffracted light components distributed in the first direction, one of the higher-order diffracted 
light components distributed in the second direction and one specific Oth-order diffracted 
light component are distributed at the-substantially equal distances from the optical axis AX 
on the pupil surface plane 5 1 of the projection optical system. For instance, the central 
position of the exit portion in Fig. 15D is arranged to coincide with any one of points P^, Pr|, 
Pk, Pfi. The points P^, Pt], Pk, P/i are all intersections of the line segment La or LB (the 
optimum position to the X-directional periodicity, i.e., the position in which the Oth-order 
diffracted light component and one of the (=t) primary diffracted light components in the X- 
direction have the substantially equal distances from the optical axis on the pupil 
surfaco p lane 5 1 of the projection optical system and line segments LXy Le (the optimum 
positions to the Y-directional periodicity). Therefore, those positions are the light source 
positions optimal to either the pattem direction X or the pattem direction Y. 

[0186] Note that in this embodiment, an arbitrary light quantity distribution can be, 
as in the first embodiment, formed on the Fourier transform surfac e p lane b v controlling the 
luminous flux transform member and the movable optical member on the basis of the 
information of bar codes and the like. 

[0187] A light scattering member such as a diffusion plate and an optical fiber 
bundle are provided in close proximity to the light-source-side focal surface 72a of the fly eye 
lens 1 1, thereby homogenizing the illumination light. Alternatively, the illimiination light 
may be homogenized by employing an optical integrator such as a further fly eye lens 
(hereinafter referred to as the other fly eye lens) separately from the fly eye lens 72 used in the 
embodiments of the present invention. At this time, the other fly eye lens is disposed 
preferably closer to the light source (lamp) 1 than the optical member e.g., the diffraction 
grating pattem plate 12 or 12A shown in Figs. 20 and 21 for making variable the illimiination 
light quantity distribution in the vicinity of the light-source-side focal surface 72a of the fly 
eye lens 72. A sectional configuration of each lens element of the other fly eye lens is 
desirably a regular hexagon rather than a square (rectangle). 

[0188] Fig. 27 illustrates a configuration ombiont adjacent t o a wafer stage of the 
projection exposure apparatus applied to the respective embodiments of this invention. A 
beam 80A obliquely strikes on an interior of a projection field region on the wafer 30 in the 
projection optical system 29. Provided is an auto-focus sensor of an oblique incidence system 
which receives a reflected beam SOB. This focus sensor detects a deviation in the optical-axis 
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direction AX between the surface of the wafer 30 and the best image forming surface of the 
projection optical system 29. A motor 82 of a Z-stage 81 mounted with the wafer 30 is servo- 
controlled so that the deviation becomes zero. The Z-stage 81 is thereby moved slightly in 
the vertical directions (optical-axis directions) with respect town XY-stage 83, wherein the 
exposure is executed invariably in the best focus state. In the exposure apparatus capable of 
this focus controlling process, the Z-stage 81 is moved with such a velocity characteristic as 
to be controlled in the optical-axis directions during the exposing process. An apparent focal 
depth can be thereby further enlarged. This method is attainable by any type of steppers on 
condition that the image side (wafer side) of the projection optical system 29 is telecentric. 

[0189] Fig. 28 shows light quantity (dose) distributions in the optical-axis directions 
which are obtained within the resist layers with a movement of the Z-stage 81 during the 
exposur e exposure, or abundance probabilities. Fig. 28B shows velocity characteristics of the 
Z-stage 81 for obtaining the distribution illustrated in Fig. 28 A. Referring to Figs. 28A and 
28B, the axis of ordinate indicates wafer positions in Z-direction (optical-axis direction). The 
axis of abscissa of Fig. 28A indicates the abundance probability. The axis of abscissa of 
Fig. 28B indicates a velocity of the Z-stage 81. In the same Figures, a position Zo is the best 
focus position. 

[0190] The abundance probabilities are herein arranged to be substantially equal 
maximal values in two positions +Z1, -Zl spaced vertically from the position ZO by a 
theoretical focal depth ± ADof of the projection optical system 29. In a range from +Z3 to - 
Z3 there-between, the abundance probabilities are restrained down to small values. For this 
purpose, the Z-stage 81 moves up and down equally at a low velocity VI in the position -Z2 
when starting a release of the shutter within the illumination system. Immediately after the 
shutter has been fully opened, the Z-stage is accelerated up to a high velocity V2. While the 
Z-stage 81 moves up and down at the velocity V2, the abundance probabilities are restrained 
down to the small values. Just when reaching the position +Z3, the Z-stage 81 starts 
decelerating down to the low velocity VI . The abundance probability comes to the maximal 
value in the position +Z1. At this moment, a closing command of the shutter is outputted 
almost simultaneously. The shutter is completely closed in the position +Z2. 

[0191] In this manner, the velocity of the Z-stage 81 is controlled so that the optical- 
axis-directional light quantity distributions (abundance probabilities) of the exposure 
quantities imparted to the resist layers of the wafer 30 are arranged to be the maximal values 
at the two points spaced away by approximately a width (2 • Aof) of the focal depth. Although 
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a contrast of the patterns formed on the resist layers is a little bit reduced, the uniform 
resolving power can be obtained over a wide range in the optical-axis directions. 

[0192] The above-described cumulative focal point exposure method is applicable 
in much the same manner to the projection exposure apparatus which adopts the special 
illumination method shown in this embodiment. The apparent focal depth is enlarged by a 
quantity corresponding substantially to a product of an e nlarg e enlarged p ortion obtained by 
the illumination method of this invention and an enlarged portion obtained by the cumulative 
focal point exposure method. Besides, since the special illumination method is adopted, the 
resolving power itself also increases. For instance, the minimum line width possible to 
exposure by combining an i-beam stepper (NA 0.42 of the projection lens) which is 
contracted one-fifth that of the prior art with a phase shift fetjete xeticle. is approximately 0.3 
to 0.35 fim. An enlargement rate of the focal depth is about 40% at the maximum. In 
contrast, the special illumination method according to the present invention is incorporated 
into the i-beam stepper, and a test is carried out with the ordinary reticle. As a result, the 
minimum line width of 0.25 ~ 0.3 fim is obtained. Obtained also is much the same 
enlargement rate of the focal depth as that in using the phase shift reticle. 

[0193] A fourth embodiment of the present invention will next be described. 
Fig. 29 depicts a projection type exposure apparatus (stepper) in the fourth embodiment of 
this invention. The fly eye lens is divided into a plurality of fly eye lens groups. The light 
quantity distribution is focused on each of the fly eye lens groups. The diffraction grating 
pattern plate 12 is provided as an optical member (a part of the input optical system of this 
invention) for focusing the light quantity distribution of the illumination light on each of 
light-source-side focal surfaces 91a of the fly eye lens groups 91 A, 9 IB. Note that the 
constructions toward the light source from the relay lens system 71 and toward the wafer 30 
from the spatial filter 16 are the same as those of Fig. 20, and the same members are marked 
with the like symbols. 

[0194] The diffracted light generated from the diffraction grating pattern plate 12 is 
incident in concentration on each of the fly eye lens groups 91 A, 91B via the relay lens 73. 
At this moment, the light-source-side focal surfaces 91a of the fly eye lens groups 91 A, 9 IB 
and the diffraction grating pattern plate 12 have substantially the Fourier transform relation 
through the relay lens 73. 

[0195] On the other hand, reticle-side focal surfaces 91b of the fly eye lens 
groups 91 A, 91 B are disposed in an intra-surface direction perpendicular to the optical axis 



50 

AX so as to coincide substantially with the Fourier transform surfac e p lane (pupil conjugate 
Gurfgco plane) of the reticle patterns 28. Each of the fly eye lens groups 91 A, 91 B is 
independently movable in the intra-surface direction vertical to the optical axis AX and held 
by a movable member (position adjusting member in the present invention) for making the 
lens group movable. The detailed expletnation thereof will be given later. 

[0196] The individual fly eye lens groups 91 A, 91B desirably assume the same 
configuration and are composed of the same material (refractive index). Respective lens 
elements of the individual fly eye lens groups 91 A, 9 IB are double-convex lenses as in the 
third embodiment. Given therein is the example where the light-source-side focal 
surface surfaces 91a coincide with the incident suriaeesurfaces, and the reticle-side focal 
surfaco surfaces 91b coincide with the exit surface. The fly eye lens elements may not strictly 
satisfy this relation but may be plano-convex lenses, convexo-plane lenses or plano-concave 
lenses. Note that the light-source-side focal surfaces 91a of the fly eye lens groups and the 
reticle-side focal surfaces thereof have, as a matter of course, the Fourier transform relation. 
Hence, in the example of Fig. 29, the reticle-side focal surfaces 91b of the fly eye lens groups 
— i.e., the exit surfaces of the fly eye lens groups 91 A, 91B — have an image forming 
(conjugate) relation to the diffraction grating pattern plate 12. 

[0197] Now, the reticle 27 is illuminated in a homogeneous illuminance distribution 
with the luminous fluxes emitted from the reticle-side focal surfaces 91b of the fly eye lens 
groups 91 A, 91B through the condenser lenses 74, 75 and the mirror 24. In accordance with 
this embodiment, the spatial filter 16 is disposed on the exit side of the fly eye lens 
groups 91 A, 9 IB, thereby cutting off the Oth-order diffracted light components from the 
diffraction grating pattem plate 12. The openings of the spatial filter 16 correspond to the 
respective positions of the fly eye lens groups 91 A, 91B. For this reason, the illumination 
light quantity distributions in the vicinity of the reticle-side focal surfaces 91b of the fly eye 
lens groups 91 A, 91B can be made zero in portions other than the positions of the fly eye lens 
groups 91 A, 91B. Therefore, the illumination light with which the reticle patterns 28 are 
illuminated is limited to the luminous fluxes (from the secondary illuminant images) emitted 
from the respective fly eye lens groups 91A, 91B. Hence, the luminous fluxes incident on the 
reticle patterns are limited to those having specific incident angles (plural) thereon. 

[0198] Note that in the embodiment, each of the fly eye lens groups 91 A, 9 IB is 
movable, and the openings of the spatial filter 16 are correspondingly movable; or 
alternatively the spatial filter 16 itself has to be exchangeable (the spatial filter 16 will be 
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mentioned later). The illumination luminous fluxes are diffracted by use of the foregoing 
diffraction grating pattem plate 12. The diffracted light components are concentrated on the 
specific positions (fly eye lens groups) within the light-source-side focal surfaces of the fly 
eye lens groups 91 A, 9 IB. On this occasion, the concentrated positions are varied depending 
on the pitch and the directivity of the diffraction grating pattem plate 12. Therefore, the pitch 
and the directivity of the diffraction grating pattem plate 12 are determined to concentrate the 
illumination light on the positions of the fly eye lens groups 91 A, 9 IB. 

[0199] As discussed above, the image of the diffraction grating pattem plate 12 is 
formed on the reticle-side focal surface 91b of the fly eye lens 91 . As in the third 
embodiment described above, however, the reticle pattem surfaces 28 and the reticle-side 
focal surfaces 91b of the fly eye lens groups 91 A, 9 IB have the Fourier transform relation. 
There is no possibility wherein the illumination intensity distribution on the reticle 27 is 
unhomogenized, or the illuminance homogeneity is deteriorated. 

[0200] The diffraction grating pattem plate 12 may, as explained in the third 
embodiment referring to Fig. 21, be not only the transmissive pattem plate but also the 
reflective pattem plate. 

[0201] If the diffraction grating pattem plate 12 is reflective, as illustrated in 
Fig. 30, the diffracted light components reflected by the reflective diffraction grating pattem 
plate 12A are concentrated in the vicinity of the fly eye lens groups 91 A, 9 IB through the 
relay lens 73. Incidentally, the diffraction grating pattem plate 12 or 12A is exchangeable 
with a plate having a different pitch so that the illumination light can be concentrated in the 
vicinity of the respective fly eye lens groups 91 A, 9 IB even when the individual fly eye lens 
groups 91 A, 91 B move. The diffraction grating pattem plate 12 or 12A may be rotatable in 
an arbitrary direction within the surface vertical to the optical axis AX. In this case, however, 
the Fourier transform relation between the diffraction grating pattem plate 12 or 12A and the 
light-source-side focal surfaces 91a of the fly eye lens groups 91 A, 9 IB should be kept. 

[0202] By the way, referring to Fig. 29, as in the first embodiment, there are 
provided a main control system 58 for generalizing and controlling the device, a bar code 
reader 61, a keyboard 63 and a drive system 92 (motor, gear train, etc.) such as movable 
members for moving the fly eye lens groups 91 A, 9 IB. Registered beforehand in the main 
control system 58 are names of a plurality of reticles dealt with by the stepper and stepper 
operating parameters corresponding to these names. When the bar code reader 61 reads 
reticle bar codes BC, the main control system 58 outputs, to the drive system 92, the 
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previously registered information on the moving positions (within the Fourier transform 
swfee eplane) of the fly eye lens groups 91 A, 91 B as one of the operating parameters 
corresponding to the names. The positions of the fly eye lens groups 91 A, 9 IB are thereby 
adjusted to form the optimum light quantity distributions described in the first embodiment. 
The operations given above can be also executed even by inputting the commands and data 
directly fi-om the keyboard 63. 

[0203] The optical members (input optical system) are not limited to the diffraction 
grating pattern plates 12, 12 A, these optical members being intended to concentrate the light 
quantity distributions over the light-source-side focal surfaces of the fly eye lens groups 91 A, 
9 IB on the portions in the vicinity of the individual fly eye lens positions. As in the cases 
shown in Figs. 22 - 25 in accordance with the third embodiment, the movable plane mirror, 
the optical fibers, the prism and the reflection mirror are available. 

[0204] Fig. 31 shows the case where the movable plane mirror 54 is employed as an 
input optical system. The constructions toward the light source fi-om the relay lens system 71 
arid toward the reticle fi-om the fly eye lens group 91 are the same as those of Fig. 29. The 
plane mirror 54 is rotated to a plurality of angular positions during the exposure, thereby 
making it possible to concentrate the light quantity distributions over the light-source-side 
focal surfaces 91a of the fly eye lens groups 91 A, 9 IB on only the portion vicinal to the 
position of one fly eye lens group of the plurality of the fly eye lens groups. Note that when 
using this type of movable plane mirror 54, the relay lens system 73 may be omitted. Further, 
when each of the fly eye lens groups 91 A, 9 IB moves, angular coordinates of the plurality of 
angular positions of the plane mirror 54 are changed, and the reflected luminous fluxes may 
be concentrated in the vicinity of the position of the fly eye lens group in a new position. 
Incidentally, the spatial filter 16 illustrated in Fig. 31 is provided on the side of the incident 
surfaces of the fly eye lens groups 91 A, 9 IB but may be provided on the side of the exit 
surfaces as seen in Fig. 29. 

[0205] Fig. 32 shows a case of using the optical fibers of the input optical system. 
The exit portions 3 5 A, 35B provided corresponding to the number of the fly eye lens 
groups 91 A, 91 B are constructed integrally with the respective fly eye lens groups in the close 
proximity to the light- source-side focal surfaces 91a of the fly eye lens groups 91 A, 9 IB. 

[0206] The exit portions 3 5 A, 35B (or the lenses between the exit portions 35 and 
the fly eye lens groups 91) are one-dimensionally or two-dimensionally movable within the 
surface vertical to the optical axis by means of the drive members such as motors. Even 
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when the individual fly eye lens groups 91 A, 9 IB are gathered up, the illumination luminous 
fluxes can be concentrated in the vicinity of the position of each of the fly eye lens groups 
after being moved. 

[0207] Fig. 33 shows a case of employing the prism 33 formed with a plurality of 
refractive surfaces as an input optical system. The illumination light can be concentrated in 
the vicinity of each of the fly eye lens groups 91 A, 91B in accordance with a refractive angle 
of the prism 33 on the light-source-side focal surfaces 91a of the fly eye lens groups 91 A, 
9 IB. Even when the respective fly eye lens groups 91 A, 9 IB move by exchanging the 
prism 33, the illumination light can be exactly concentrated on the position of each of the fly 
eye lens groups 91 A, 9 IB. The device, as a matter of course, incorporates a function to 
exchange the prism or the like. Where this type of prism is employed, the relay lens 
system 73 can be omitted. 

[0208] Fig. 34 shows a case where a plurality of mirror are used as an input optical 
system. When each of the mirrors 34A - 34D is provided with a position adjusting 
mechanism and a mechanism for adjusting an angle of rotation about the optical axis AX, and 
even after the individual fly eye lens groups 91 A, 9 IB have moved, the illumination luminous 
fluxes can be focused in the vicinity of the respective fly eye lens groups 91 A, 91B. A 
mmierical value of the mirrors is not limited. The mirrors may be disposed depending on a 
mraierical value of the fly eye lens groups. 

[0209] Two groups of the fly eye lenses are pr e pared p rovided t hroughout the fourth 
embodiment described above, however, three or more groups of the fly eye lenses may be of 
course pr e par e d provided . Stated also is the optical member for concentrating the illumination 
light mainly on the two portions of the individual fly eye lens groups. The illumination light 
is, as a matter of course, concentrated on a plurality of positions corresponding to the number 
of the fly eye lens groups. In all the embodiments given above, the illumination light can be 
concentrated on arbitrary positions (corresponding to the positions of the fly eye lens groups). 
The optical member for concentrating the illumination light on the respective fly eye lens 
groups is not limited to the types exemplified in the embodiments but may adopt any other 
types. 

[0210] Besides, the spatial filter 16 provided in close proximity to the light-source- 
side focal surfaces 91a of the fly eye lenses may be employed in combination with the 
respective embodiments shown in Figs. 29 through 34. Spatial filt e rs 210. filter 16 can be, 
though not limited to the reticle-side focal surfaces 91b and light-source-side focal 
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surfaces 91a of the fly eye lens groups, disposed in arbitrary positions. For example, the 
spatial filter is disposed suitably between the above-described two focal surfaces 91a, 91b. 

[0211] The optical member for concentrating the illumination light only in the 
vicinity of the individual fly eye lens groups 91 A, 9 IB is intended to prevent a loss in 
quantity of the illumination light with which the reticle 27 is illimiinated. The optical 
member is not associated directly with the constitution for obtaining the effects of the high 
resolving power and large focal depth that are characteristic of the projection type exposure 
apparatus according to the present invention. Hence, the optical member may be only a lens 
system having a tege-diameter large enough to make the illumination light incident in flood 
on each of the fly eye lens groups after being adjusted in terms of position. 

[0212] fa - As in the construction, depicted in Fig. 26, of the third embodiment, the 
spatial filter 16A may be provided, or a variable field stop 76 may also be provided as in the 
same way with the third embodiment. The spatial filter 16A is placed on the reticle-side focal 
surface 91b of the fly eye lens group 91 or in the vicinity of the conjugate surface thereof, 
thereby regulating the illumination Ivuninous fluxes emerging fi-om the fly eye lens 
groups 91 A, 9 IB. Note that if there is a system capable of focusing the illumination 
luminous fluxes incident on the fly eye lens groups 91 A, 9 IB only thereon effectively, the 
spatial filter 16 may not be provided on the reticle-side focal surface 91b or in the vicinity of 
the conjugate surface thereof. 

[0213] For satisfying the condition of the a-value (0.1 < a < 0.3) determined by one 
of the fly eye lens groups, a magnitude (in the intra-surface direction vertical to the optical 
axis) of the exit end areas of each of the fly eye lens groups 91 A, 91B may be determined to 
match with the illumination luminous fluxes (exit luminous fluxes). 

[0214] A variable aperture stop (equivalent to the spatial filter 16) is provided in the 
vicinity of the reticle-side focal surface 91b of each of the fly eye lens groups 91 A, 9 IB, and 
the numerical aperture of the luminous flux fi-om each of the fly eye lens groups is made 
variable, thus changing the a-value. Correspondingly, the variable aperture stop (NA 
regulating stop) is disposed close to the pupil (incident pupil or exit pupil) 51 of the 
projection optical system 29, thereby fiirther optimizing the a-value with respect to NA in the 
projection system. 

[0215] The illumination of the luminous fluxes incident on the respective fly eye 
lens groups expands to some extent outwardly of the incident end surfaces of the fly eye lens 
groups. Besides, if the distributions in quantity of the light incident on the respective fly eye 
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lens groups are uniform, the illuminance homogeneity on the reticle pattern surfaces can be 
preferably further enhanced. 

[0216] Next, an embodiment of the movable portions for making the fly eye lens 
groups movable will be explained in conjunction with Figs. 35 and 36. 

[0217] Fig. 35 is a diagram illustrating the movable portions viewed from the 
optical-axis direction. Fig. 36 is a diagram showing the same viewed from the direction 
vertical to the optical axis. 

[0218] A plurality of, i.e., four fly eye lens groups 91 A, 91B, 91C, 91D are disposed 
at substantially equal distances from the optical axis in Fig. 35. Each of the fly eye lens 
groups 91 A, 91B, 91C, 91D is, as illustrated in Fig. 35, composed of, though not limited to 
this, 32 pieces of lens elements. In an extreme case, the fly eye lens group may be 
constructed of one lens element. Now, turning to Figs. 35 and 36, the fly eye lens 
groups 91 A, 91B, 91C, 91D are held by jigs 103a, 103b, 103c, 103d. These jigs 103a, 103b, 
103c, 103d are further supported on movable members 101a, 101b, 101c, lOld through 
support bars 100a, 100b, 100c, lOOd. These support bars 100a, 100b, 100c, lOOdare 
stretchable and contractible in the optical-axis direction with the aid of drive elements such as 
motors and gears incorporated into the movable members 101 a, 101 b, 101 c, 101 d. The 
movable members 101 a, 101 b, 101 c, lOld themselves are movable along fixed guides 102a, 
102b, 102c, 102d. The individual fly eye lens groups 91A, 91B, 91C, 91D are therefore 
independently movable in the intra-surface direction perpendicular to the optical axis. 

[0219] Respective positions (within the surface vertical to the optical axis) of the fly 
eye lens groups 91A, 91B, 91C, 91D depicted in Fig, 36 are determined (changed) preferably 
depending on the reticle patterns to be transferred. 

[0220] The optimum positions of the respective fly eye lens groups are set under the 
same conditions as those explained referring to Figs. 14 and 15 in the first embodiment. 

[0221] A concrete example of the positional determination of each of the fly eye 
lens groups is the same as the determining method explained in the first embodiment with 
reference to Figs. 14 and 15. It is assumed that the central position (the optimum position of 
the gravity of the light quantity distribution of the secondary illuminant image which is 
created by each of the fly eye lens groups) of each of the fly eye lens groups is, as illustrated 
in Fig. 15B, on the Y-directional Une segment La within the Fourier transform suffaea plane . 
Alternatively, it is assumed that the center of each of the fly eye lens groups is placed on an 
arbitrary position on the line segment Lp, or, as illustrated in Fig. 15D, on the line segments 
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La, LP defined such as a = P = f • (1/2) • (X/Px) or on the line segments Ly, Le defined such 
as Y = 8 = f • (1/2) • (A-/Py). Based on these assumptions, the focal depth can be maximized. 
As in the first embodiment, the Oth-order diffracted light component Do coining fi-om the 
reticle patterns 28 and any one of the (+) primary diffracted light component Dp and the (-) 
primary diffracted light component Dm may be arranged to pass through ti^e-light paths 
having the-equal distances fi'om the optical axis AX on the pupil surface 51 within the 
projection optical system 29. If the reticle pattems 28, as seen in Fig. 15D, contain the two- 
dimensional periodic pattems, and when paying 4he-attention to one specific Oth-order 
diffracted light component, there probably exist higher order diflfraotod light components than 
th e primary light compon e nts order diffracted light components including the primary 
diffracted light components of which the order is higher than the Oth-order diffracted light 
component which are distributed in the X-direction (the first direction) and in the Y-direction 
(the second direction) about the single Oth-order diffi-acted light component on the pupil 
surface 51 of the projection optical system. Supposing that the image of the two-dimensional 
pattems is formed well with respect to one specific Oth-order diffracted light component, the 
position of the specific Oth-order diffracted light component may be adjusted so that three 
light components i.e., one of the higher-order diffracted light components distributed in the 
first direction, one of the higher-order diffracted light components distributed in the second 
direction and one specific Oth-order diffracted light components are distributed at 
substantially equal distances fi"om the optical axis AX on the pupil surface p lane 51 of the 
projection optical system. For instance, the central position of the exit portion in Fig. 15D is 
arranged to coincide with any one of points P^, Pr|, Pk. P^, The points P^, Pr|, Pk. P/x are all 
intersections of the line segment La or Lp (the optimum position to the X-directional 
periodicity, i.e., the position in which the Oth-order diffracted light component and one of the 
(it) primary diffracted light components in the X-direction haye tiie-substantially equal 
distances from the optical axis on the pupil surface 51 of the projection optical system) and 
line segments Ly, Le (the optimum positions to the Y-directional periodicity). Therefore, 
those positions are the light source positions optimal to either the pattern direction X or the 
pattern direction Y. 

[0222] Note that in this embodiment, an arbitrary light quantity distribution can be, 
as in the first embodiment, formed on the Fourier transform Gurfaco plane b y controlling the 
luminous flux transform member and the moyable optical member on the basis of the 
information of bar codes and the like. In this case, the fly eye lens groups 91 A to 9 ID are 
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disposed not only discretely but also integrally about the optical axis, whereby a changeover 
to the ordinary illumination can be performed. 

[0223] A light scattering member such as a diffusion plate and an optical fiber 
bundle are provided in close proximity to the light-source-side focal surface 91a of the fly eye 
lens 91, thereby homogenizing the illumination light. Altematively, the illumination light 
may be homogenized by employing an optical integrator such as a further fly eye lens 
(hereinafter referred to as the other fly eye lens) separately fi-om the fly eye lens 72 used in the 
embodiments of the present invention. At this time, the other fly eye lens is disposed 
preferably closer to the light source (lamp) 1 than the optical member e.g., the diffraction 
grating pattern plate 12 or 12A shown in Figs. 29 and 30 for making variable the illumination 
light quantity distribution in the vicinity of the light-source-side focal surface 91a of the fly 
eye lens 91. A sectional configuration of each lens element of the other fly eye lens is 
desirably a regular hexagon rather than a square (rectangle). In this case, the a-value may be 
made variable by making the numerical aperture of the illumination system variable while 
providing" an aperture stop on the reticle-side focal surface of the other fly eye lens. Further, 
the a-value may be also made variable by changing a magnitude of the luminous flux incident 
on the other fly eye lens while providing a zoom lens (afocal zoom lens) on the light path 
leading firom the light source up to the other fly eye lens. 

[0224] Given above is the example of determining the positions of the plurality of 
fly eye lens groups. The illumination luminous fluxes are concentrated corresponding to the 
moving positions of the respective fly eye lens groups by means of the foregoing optical 
members (the diffraction grating pattern plate, the movable mirror, the prism or the fibers). 
The optical member for this concentrating process may not be provided. 

[0225] The luminous fluxes emitted from the fly eye lens groups are incident 
obliquely on the reticle. If a direction of the light quantity gravity of the (plural) incident 
luminous fluxes inclined thereto is not perpendicular to the reticle, there arises a problem in 
which a position of the transferred image shifts in the intra-siirface direction of the wafer 
during minute defocusing of the wafer 30. In order to prevent this shift, the direction of the 
light quantity gravity of the (plural) illumination luminous fluxes fi-om the fly eye lens groups 
is kept vertical to the reticle patterns, viz., parallel to the optical axis AX. 

[0226] More specifically, on the assumption that the optical axis (central line) is set 
in the respective fly eye lens groups, it may be sufficient to make zero a vector sum of a 
product of the intra Fourier transform surfaco p lane p ositional vector of the optical axis 
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(central line) on the basis of the optical axis AX of the projection optical system 29 and a 
quantity of light emitted from each of the fly eye lens groups. An easier method is that 2m- 
groups (m is the natural number) of fly eye lenses are provided; positions of m-groups of the 
fly eye lenses are determined by the optimizing method described above; and remaining m- 
groups and the former m-groups of fly eye lenses are disposed in symmetry with respect to 
the optical axis AX. 

[0227] If the device further includes n-groups (n is the natural number), and when 
the number of groups of the fly eye lenses is set to m smaller than n, the remaining (n - m) 
groups of fly eye lenses may not be used. To eliminate the use of the (n - m) groups of fly eye 
lenses, the spatial fiUers 210 o r filter 16 may be provided on the positions of (n - m) groups of 
fly eye lenses. At this time, the optical member for concentrating the illumination light on the 
positions of (n - m) groups of fly eye lenses preferably does not concentrate the light on the 
(n - m) groups of fly eye lenses. 

[0228] The positions of openings of the spatial filter 210 or 16 are desirably variable 
corresponding to the movements of the fly eye lens groups. Altematively, there is provided a 
mechanism for exchanging the spatial filt e rs 21 Or filter 16 in accordance with the positions of 
the respective fly eye lenses. The device may incorporate some kinds of light shielding 
members. 

[0229] As depicted in Fig. 36, each of the jigs 103a, 103b, 103c, 103d for holding 
the respective fly eye lens groups 91A, 91B, 91C, 91D has light shielding blades 104a, 104b. 
In this case, the opening of the spatial filter 16 may be formed considerably larger than the 
diameter of the fly eye lens. Hence, one spatial filter 16 is capable of corresponding to the 
positions of a variety of fly eye lenses. If the light shielding blades 194a, 194b deviate 
slightly in the optical-axis direction, a constraint given to the moving range of the fly eye lens 
groups is reduced. 

[0230] Light scattering members such as diffusion plates and optical fibers are 
employed in the vicinity of the light-source-side focal surfaces 91a of the fly eye lens 
groups 91 A, 91B, 91C, 91D, thereby homogenizing the illumination light. 

[0231] A fifth embodiment will be next explained. Provided in this embodiment is 
a holding member for integrally holding the plurality of fly eye lens groups. The fly eye lens 
groups held in the optimum placement are selectable by driving the holding member. 

[0232] Fig. 37 illustrates a construction of the projection type exposure apparatus in 
the fifth embodiment of the present invention. The diffraction grating pattern plate 12 is 
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given as an optical member (a part of the input optical system) for concentrating the light 
quantity distributions of the illumination light on the light-source-side focal surfaces of the fly 
eye lens groups. Note that the same members as those in Fig. 29 are marked with the like 
symbols. 

[0233] A holding member 111 integrally holds fly eye lens groups 111 A, lllBso 
that the center (in other words, the gravity of the each of the light quantity distributions 
created by the secondary illimiinant images in the respective fly eye lens groups 1 1 1 A, 1 1 IB) 
of each of the fly eye lens groups 1 1 1 A, 1 1 IB is set in a discrete position eccentric from the 
optical axis AX by a quantity determined depending on the periodicity of the reticle patterns. 
Fixed integrally to a movable member 112 (switching member in this invention) together with 
the holding member 111 are a plurality of holding member m embers (not illustrated) for 
holding the plurality of fly eye lens groups while making their eccentric states relative to the 
optical axis AX different from each other in accordance with a difference in terms of the 
periodicity of the reticle patterns 28. This movable member 1 12 is driven, with the result that 
the plurality of holding members can be so disposed in the light path of the illumination 
optical system as to be individually exchangeable. The detailed description thereof will be 
given later. 

[0234] Each of the plurality of fly eye lens groups (111 A, lllB) fixed by the same 
holding member desirably assimies the same configuration and is composed of the same 
material (refractive index). In this embodiment, the holding members (fly eye lens 
groups 1 1 1 A, 1 1 IB) are exchangeable, and hence the openings of the spatial filter 16 have to 
be variable correspondingly; or alternatively, the spatial filter 16 has to be also exchangeable. 
For instance, the spatial filter 16 is fixed to the holding member together with the fly eye lens 
groups 1 1 1 A, 1 1 IB, and desirably they are arranged to be integrally exchangeable. Note that 
a magnitude (thickness) of the luminous flux incident on each of the fly eye lens 
groups 1 1 1 A, 1 1 IB is set equal to or smaller than a magnitude of each of the light-source-side 
focal surfaces lUa of the fly eye lens groups 111 A, 111 B. In this case, the spatial filter 16 is 
not particularly, as a matter of course, provided in the illumination optical system (in the 
vicinity of the fly eye lens groups). 

[0235] The diffraction grating pattern plate 5 or 5 A 12 or 12A may be rotatable in an 
arbitrary direction within the surface vertical to the optical axis AX. With this arrangement, it 
is possible to correspond to such a case that the pitch direction of the line-and-space patterns 
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of the reticle patterns 28 is different from the directions X, Y (i.e., the fly eye lens 
groups 111 A, lllB move in the pitch direction (rotate about the optical axis AX)). 

[0236] Provided according to this embodiment, as in the fourth embodiment, the 
main control system 58 for generalizing and controlling the device, the bar code reader 61, the 
keyboard 63 and the drive system (motor, gear train, etc.) 93 -113 of movable members for 
moving the fly eye lens groups 1 1 1 A, 1 1 IB. Registered beforehand in the main control 
system 58 are names of a plurality of reticles dealt with by the stepper and stepper operating 
parameters corresponding to the names. Then, the main control system 58 outputs, when the 
bar code reader 61 reads the reticle bar codes EC, a predetermined drive command to the 
drive system 1 13 by selecting one of the plurality of holding members which matches best 
with the previously registered information (corresponding to the periodicity of the reticle 
pattems) on the positions (within the pupil conjugate surface) of the fly eye lens groups 1 1 1 A, 
1 1 IB as one of the operating parameters corresponding to the names thereof The fly eye lens 
groups 111 A, lllB held by the previously selected holding member are thereby set in the 
positions shown in Figs. 1 4 and 15 and on La> L(3 shown in Fig. 15Band the positions on La. 
Lp, Ly. Ls (especiallv the positions on P£, Pr|. Pk. Pm) shown in Fig. 15D i n the first 
embodiment. The operations described above are executable even by the operator's inputting 
the commands and the data from the keyboard 63 directly to the main control system 58. 

[0237] The optical member (input optical system) is not limited to the transmissive 
diffraction grating pattern plate 12, this optical member being intended to concentrate the 
light quantity distributions over the light-source-side focal surfaces of the fly eye lens groups 
in the vicinity of the positions of the individual fly eye lenses. As explained in the fourth 
embodiment with reference to Figs. 30 - 34, the reflective diffraction grating pattem 
plate 12A, the movable plane mirror 54, the optical fibers 35, the prism 33 and the plurality of 
reflection mirrors 34 may be provided in place of the diffraction grating pattem plate 12. 
Additionally, the diffraction grating pattem plates 12, 12 A and the prism 33 are replaced; or ^ 
plurality of angular position coordinates of the movable plane mirror 54 are changed; or the 
exit portions of the optical fibers are made movable; or each of the reflection mirrors is 
provided with the position adjusting mechanism and the mechanism for adjusting the angle of 
rotation about the optical axis AX. With these arrangements, if the fly eye lens groups move 
with the replacement of the holding member, the illumination luminous fluxes can be 
concentrated in the vicinity of the positions of the respective fly eye lens groups afl;er being 
moved. 
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[0238] As in the fourth embodiment, the spatial filter 16 may be roplaood with th e 
spatial filter 10 shown in Fig. 12 disposed in the light-source-side focal surface 1 1 la of the 
fly eve lens or used in combination with the abov e montionod input optical system . The 
placement of the spatial filters IC filter 16 is not limited to the light-source-side focal 
surfaces 111a and the reticle-side focal surfaces 111a 111b of the fly eye lens groups but may 
be disposed in arbitrary positions. Further, the optical member (input optical system) for 
concentrating the illumination light only in the vicinity of the individual fly eye lens 
groups 111 A, lllB may be only a lens having a tefge-diameter large enough to make the 
illumination light incident in flood on each of the plurality of fly eye lens groups. 

[0239] As explained in the fourth embodiment in conjimction with Fig. 26, the 
spatial filter 16A and the field stop may be provided. 

[0240] Next, a construction of the movable member 112 (switching member in the 
present invention) for exchanging the holding member will be described referring to Figs. 38 
and 39. 

[0241] Fig. 38 shows a concrete construction of the movable member. Four pieces 
of holding members 111,114, 115, 116 are herein disposed at intervals of approximately 90 
degrees on the movable member (turret plate) 112 rotatable about a rotary axis 1 12a. Fig. 38 
illustrates a situation in which illumination luminous fluxes ILa, ILb (dotted lines) are 
incident on the respective fly eye lens groups 111 A, lllB; and the holding member 1 1 1 is 
disposed in the illumination optical system. At this time, the holding member 1 1 1 is placed 
in the illumination optical system so that the center of this member coincides substantially 
with the optical axis AX. The plurality of fly eye lens groups 1 1 1 A, 1 1 IB are held integrally 
by the holding member 1 1 1 so that the centers of these lens groups are set in discrete 
positions eccentric fi-om the optical axis AX of the illumination optical system by a quantity 
determined depending on the periodicity of the reticle patterns. These lens groups are placed 
substantially in symmetry with respect to the center (optical axis AX) of the holding 
member 111. 

[0242] Now, each of the four holding members 1 1 1, 1 14, 1 15, 1 16 holds the 
plurality of fly eye lens groups while making their eccentric states (i.e., positions within the 
surface substantially perpendicular to the optical axis AX) fi^om the optical axis AX (center of 
the holding member) different fi-om each other in accordance with a difference in terms of the 
periodicity of the reticle patterns 28, Both of the holding members 111, 114 have two fly eye 
lens groups (111 A, lllB) and (1 14A, 1 14B). These fly eye lens groups are, when being 
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disposed in the illumination optical system, fixed so that their array directions are 
substantially orthogonal to each other. The holding member 115 places and fixes the four fly 
eye lens groups 1 15A - 1 15D substantially at equal distances fi-om the center 1 15cA (optical 
axis AX) thereof. In accordance with this embodiment, the holding member 116, which fixes 
one fly eye lens group 1 16A substantially at the center, is used for effecting the exposure 
based on a known method. 

[0243] As is obvious fi-om Fig. 38, the turret plate 112 is rotated by the drive 
element 44 ^113 c onsisting of a motor and a gear, as stated earlier, in accordance with the 
information of the reticle bar codes BC. The four holding members 111, 1 14, 115, 116 are 
thereby exchanged, and the desired holding member corresponding to the periodicity (pitch, 
array direction, etc.) of the reticle patterns can be disposed in the illumination optical system. 

[0244] Selected, as discussed above, in accordance with the information of the 
reticle bar codes BC is whether to effect either the known exposure for forming the light 
quantity distributions substantially about the optical axis on the Fourier transform surface 
plane or the exposure by the inclined illumination light explained in this embodiment. In the 
case of performing the known exposure, the holding member 1 16 is selected. In the case of 
performing the exposure based on the inclined illumination light, any one of the holding 
members 111, 114, 115 may be selected. When executing the known exposure, and if the 
holding member 1 16 is selected, it is required that the input optical system be exchanged for 
effecting the illumination as it used to be done. If the illumination light can be concentrated 
through the lens 71 on the fly eye lens group 1 16A, the input optical system such as fibersj-k 
may b e Guffioi e nt, r e tr e a t retreats from within the light path. 

[0245] In each of the four holding members, the plurality of fly eye lens groups are 
herein fixed in a predetermined positional relation., and hence there is no necessity for 
performing the positional adjustment between the plurality of fly eye lens groups when 
exchanging the holding member. Therefore, positioning of the holding members as a whole 
may be effected with respect to the optical axis AX of the illumination optical system. 
Consequently, there is produced such an advantage that no precise positioning mechanism is 
needed. At this time, the drive element 113 is used for the positioning process, and it is 
therefore desirable to provide a rotary angle measuring member such as, e.g., a rotary 
encoder. Note that each of the plurality of fly eye lens groups constituting the holding 
members comprises, as shown in Fig. 38, 16 pieces of lens elements (only the fly eye lens 
group 1 16A is composed of 36 pieces lens elements). The numerical number is not limited to 
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this. In an extreme case, the fly eye lens group consisting of one lens element may also be 
available. 

[0246] Referring to Fig. 37, the spatial filter 16 is disposed in rear (reticle-side) of 
the holding member 111. In each of the holding members, when the portions other than the 
fly eye lens groups are formed as light shielding portions, the spatial filter 16 is not 
particularly provided. At this time, the turret plate 112 may be a transmissive portion or a 
light shielding portion. The number of the holding members to be fixed to the turret plate 112 
and the eccentric states (positions) of the plurality of fly eye lens groups are not limited to 
those shown in Fig. 38 but may be arbitrarily set corresponding to the periodicity of the reticle 
patterns to be transferred. If there is a necessity for strictly setting the incident angles and the 
like of the illumination luminous fluxes on the reticle pattems, each of the plurality of fly eye 
lens groups may be so constructed as to be minutely movable in the radial directions (radiant 
directions) about the optical axis AX in the holding member. Further, the holding members 
(fly eye lens groups 1 1 1 A, 1 1 IB) may be so constructed as to be rotatable about the optical 
axis AX. On this occasion, if especially the optical fiber bundle 35 is employed as an optical 
member (input optical system) for concentrating the illumination luminous fluxes in the 
vicinity of each of the plurality of fly eye lens groups, the exit ends 35 A, 35B thereof are 
arranged to move with movements of the fly eye lens groups. For instance, the exit ends 35A, 
35B and the fly eye lens groups may be integrally fixed. In addition, the rectangular fly eye 
lens groups are relatively inclined with rotation of the holding member. However, when 
rotating the holding member, it is desirable that only the positions of the fly eye lens groups 
are moved without causing the above-mentioned inclination. 

[0247] When exchanging the holding member, it is necessary to exchange the input 
optical system such as, e.g., the diffraction grating pattem plate 12, the relay lens 73 (Fig. 37) 
and the optical fiber bundle 35. Desirably, the input optical systems corresponding to the 
eccentric states of the plurality of fly eye lens groups are integrally constructed for every 
holding member and fixed to the movable member 112. 

[0248] Fig. 39 is a diagram showing a variant form of the movable member for 
exchanging the holding member. The input optical system (optical fiber bundles 117, 118) 
and the holding members (4 ^122, 124) are integrally fixed to the movable member (support 
bar 125). It is permitted that the above-described other optical systems, though the optical 
fiber bundle is exemplified herein, may be employed as an input optical system. Incidentally, 
the fimdamental construction (the example where the optical fiber bundle is used as an input 
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optical system) has been already explained in the fourth embodiment (Fig. 32) and therefore 
touched briefly herein. 

[0249] Referring to Fig. 39, the two fly eye lens groups 11 9A, 1 19B are integrally 
held by the holding member 122, while an incident portion 1 17a and an exit portion 1 17b of 
the optical fiber bundle 1 17 are both held by a fixing tool 123. At the same moment, the 
holding member 122 is integrally fixed to the fixing tool 123. Excepting the fly eye lens 
groups 1 19A, 1 19B, the light shielding portions (the illustrated oblique line portions 
corresponding to, e.g., the spatial filter 16 of Fig. 37) occupy the interior of the holding 
member. On the other hand, the fly eye lens groups 121 A, 121B for the replacement are 
integrally held by the holding member 124. An incident portion 1 18a and an exit 
portion 1 18b of an optical fiber bimdle 1 18 are both held by a fixing tool 125, 
Simultaneously, the holding member 124 is integrally fixed to the fixing tool 125. As in the 
same way described above, the interior of the holding member 124 is formed with the light 
shielding portions. Further, the fixing tools 123, 125 are connectively fixed by means of a 
connecting member 127. Therefore, the holding members may"be exchanged for every fixing 
tool. Note that in Fig. 39, the fixing tool 123 (holding member 122) exists in the illumination 
optical system, whereas the fixing tool 125 for the replacement is set in a position deviating 
fi-om the illumination optical system. The constructions toward the light source fi"om the 
relay lens system 71 and toward the reticle fi*om the condenser lens 74 are the same as those 
shown in Fig. 37. 

[0250] By the way, the holding member is exchanged by pushing or pulling the 
support bar 129 with the help of the drive element 128, Hence, as illustrated in Fig. 39, when 
exchanging the holding member, the fly eye lens groups and the optical fiber bundle are so 
arranged as to be integrally exchangeable. With this arrangement, it may be sufficient that the 
foregoing integral member groups (fixing tools) are matched in position with the illumination 
optical system as a whole. Produced is an advantage of eliminating the necessity for effecting 
the positional adjustments between the respective members (fly eye lens groups, optical fiber 
bimdle, etc.) per exchanging process. At this time, the drive element 128 is employed also for 
positioning. It is therefore desirable to provide a position measuring member such as, for 
example, a linear encoder, a potentiometer, etc.. 

[0251] Note that the mmiber of the fly eye lens groups per holding member shown 
in Figs, 38 and 39 and the number of the lens elements constituting the fly eye lens groups 
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may be arbitrarily set. Besides, the configurations of the fly eye lens group and of the 
incident or exit surface of the lens element are not limited to the rectangle. 

[0252] Now, the respective positions of the plurality of fly eye lens groups depicted 
in Figs. 38 and 39 in other words, the holding member to be selected are preferably 
determined (changed) depending on the reticle pattems to be transferred. A method of 
determining (selecting) the positions of the respective fly eye lens groups is the same with the 
fourth embodiment (the method being identical with that explained in the first embodiment). 
To be more specific, the holding member including the fly eye lens group may be disposed in 
the incident position (incident angle) or in the vicinity thereof on the reticle pattems to obtain 
the effects given by the improved optimum resolving power and focal depth to the degree of 
fineness (pitch) of the pattems to be transferred using the illimiination limiinous fluxes 
coming from the respective fly eye lens groups. 

[0253] It is to be noted that the openings of the spatial filter 210 or 16 are desirably 
variable corresponding to the movements of the respective fly eye lens groups with the 
exch£tnge of the holding member. Provided alternatively is a mechanism for exchanging the 
spatial filters 210. 12 filter 16 in accordance with the positions of the individual fly eye lenses. 
Besides, the device may incorporate some kinds of light shielding members. 

[0254] In the embodiment discussed above, the premise is that the plurality of 
holding members (fly eye lens groups) are so constructed as to be exchangeable. According 
to the present invention, as a matter of course, the holding members are not necessarily so 
constructed as to be exchangeable. For instance, only the holding member 111 depicted in 
Fig. 38 is merely disposed in the illumination optical system. With this arrangement, there 
can be of course attained the effects (to actualize the projection type exposure apparatus 
exhibiting the high resolving power and large focal depth) of the present invention. 
Incidentally, if it is permitted to cause somewhat a loss in the illumination light quantity from 
the light source, the optical member (input optical system) for concerning the illumination 
luminous fluxes on the fly eye lens groups is not particularly disposed. 

[0255] In this embodiment also, the other fly eye lens may be also provided. The a- 
value determined by one if the respective fly eye lens groups is set to preferably 0.1 through 
0.3. 

[0256] The cumulative focal point exposure method described in the third 
embodiment is, though the first to fifth embodiments have been described so far, applicable to 
the first, second, fourth and fifth embodiments. 
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[0257] In the first through fifth embodhnents discussed above, the explanations 
have been given by use of the mercury lamp 1 as a light source. The light source may 
include, however, other bright-line lamps and lasers (excimers, etc.); or a continuous 
spectrum light source is also available. A large proportion of the optical members in the 
illumination optical system are composed of the-lenses. However, the-mirrors (concave and 
convex mirrors) are also available. The projection optical system may comeb e under a 
refi-active system or reflective system or reflective/refi-active system. In the embodiments, the 
double-side telecentric system is used. However, a one-side telecentric system or non- 
telecentric system is also available. If the correction of the chromatic aberration of each 
optical system is insufficient, a band-pass filter and a dichroic mirror intervene in the light 
path of the illumination system to utilize only the monochromatic light. 

[0258] Although the-illustrative ombodimont embodiments of the present invention 
have been described in detail with reference to the accompanying drawings, it is to be 
understood that the present invention is not limited to those embodiments. Various changes 
or modifications may be effected therein by one skilled in the art without departing fi-om the 
scope or spirit of the invention. 



